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Decisions of the 
Publication Committee 


At the last regular monthly meeting of the Pub- 
lication Committee a number of important matters 
was discussed and acted upon, including technical 
committees’ annual reports, the index of TRANSACTIONS, 
publication of authors’ business affiliations, and the 
large amount of material received for publication. 
Definite action was taken on several of these subjects, 
as explained in the following items: 


Technical Committee’s 
Annual Reports 


Several years ago the Board of Directors inaugurated 
the practise of requiring annual reports from each of the 
technical committees. It was intended that these 
reports should not only cover the actual activities of 
each of the several technical committees, but should 
also include a resumé of the state of the art in each 
technical committee’s field. While some early reports 
did little more than point out the actual activities of 
the committee in Institute work, there has been 
noticeable improvement and broadening in the scope 
of these reports from year to year, so that many of 
of them are now of undoubted value in indicating the 
latest advances in various branches of electrical 
engineering. It is recognized now that these annual 
reports should be given as wide publicity as practicable, 
in order that the members of the Institute may keep 
informed regarding the state of the art in all branches 
of electrical engineering. For this reason, a large part 
of the first session of the Annual Convention will be 
devoted to the presentation of discussion of these 
reports. Advance copies of the reports will be available 
sometime before the date of presentation and in the 
future they will be published in full in the JOURNAL, if 
necessary running consecutively through several issues, 
as space permits. 


Index of Transactions 
1911-1921 Inclusive 


As announced in the April issue of the JOURNAL, it is 
proposed to publish probably during the next year an 
index of the papers contained in the annual TRANS- 
ACTIONS of 1911 to 1921, inclusive. An index has been 
published covering the years 1884-1910, inclusive, 
including both the synoptical and topical index, 
and there has been a wide demand for an index covering 


the period from 1911 to date. It was decided to 
include the years 1910-1921 in this index, for the 
reason that the size of the TRANSACTIONS was changed 
beginning with the year 1922 and any index following 
that date would naturally correspond with the size of 
the volumes indexed. The forthcoming index will 
therefore be printed in 6 by 9-inch size page, corre- 
sponding to the TRANSACTIONS for that period. A 
report to the Board of Directors, detailing the probable 


- cost of the proposed publication and the procedure 


necessary to complete the work, was approved by 
the Board on May 16th. 


Publication of Author’s 
Business Affiliations 


Several years ago the practise of printing the business 
affiliations of the authors of Institute papers at the 
beginning of each paper was inaugurated, for the 
purpose of informing readers in regard to the business 
connections and the professional standing of the 
authors. While there is no question that it is quite 
desirable to define the author’s standing in the engineer- 
ing field, the placing of his business connections at the 
head of each paper has been objected to, on the ground 
that it tends to commercialize the Institute to some 
extent, and has conveyed the impression in some 
instances that the paper was a company production 
rather than the work of the individual author. At one 
of its recent meetings, the Meetings and Papers 
Committee passed a resolution, recommending that 
the business affiliations of authors be placed in the form 
of a footnote at the bottom of the first page of the paper 
and not directly under the author’s name at the top of 
the page, as is now the custom in the JOURNAL. This 
recommendation has been submitted to the Publication 
Committee, which is in sympathy with the idea. No 
final decision, however, has been made in regard to 
this. It is desirable that no form of typographical 
alterations be made in published papers during a 
volume year. If the business connections are to be 
transferred from the beginning of the article to a less 
conspicuous place, the change will be made beginning 
with the January, 1925 issue of the JOURNAL. 

Publication of the author’s grade of membership 
will be continued as heretofore and in view of the fact 
that papers cannot be received from non-members of 
the Institute, except by special permission of the 
Board of Directors, the authors of such papers will 
hereafter be designated by the term “non-member.” 
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Increase in Material 
Received for Publication 


The Publication Committee is confronted this year 
with certain perplexing problems which have arisen 
through the unusually large production of technical 
papers received for publication in the JOURNAL and in 
the TRANSACTIONS. The large increase in the number 
of papers prepared by engineer writers indicates a 
commendable and healthy activity in Institute affairs 
by members. A problem is to accommodate these 
papers to the best possible advantage with the funds 
available for publication purposes. 

In April of this year, there was in hand a sufficient 
amount of material for publication to fill the pages of 
the JOURNAL during the remainder of the calendar year, 
this not including the papers under way for the Annual 
and the Pacific Coast Conventions this summer. In 
addition to the technical papers presented at meetings, 
there were in hand in May 200 pages of ‘‘contributed”’ 
matter which had been accepted for publication in the 
JOURNAL. The situation may be plain when it is 
stated that the present appropriation for publication 
provides for 350 JOURNAL pages of technical papers 
during the balance of the year, while there is on hand 
material equivalent to 465 pages, plus an estimated 
455 pages forthcoming from the two early conventions; 
or 570 pages in excess of what the funds appropriated 
will pay for. The number of pages that can be printed 
in a single issue of the JOURNAL is limited by the publi- 
cation appropriation made each year. The Board of 
Directors each year has increased the publication 
appropriation, but it is obvious that Institute income 
will not permit of further material increases for this 
purpose. For the balance of the year, therefore, the 
papers selected for publication in full will be those which 
tell their story with a minimum of words. 


Some Leaders 
of the A. I.E. E. 


EDWARD WESTON, fourth president of the A. I. E. E., 
was born in Shropshire, England, May 9, 1850. He 
holds the degrees of Honorary LL. D., McGill Uni- 
versity, 1903; Sc. D., Stevens Institute of Technology, 
1904, and Princeton University 1910. 

Dr. Weston came to the United States in the year 
1870, shortly afterwards becoming chemist and elec- 
trician for the American Nickel Plating Company. 
In 1873 he prepared the first of the copper-coated carbon 
electrodes, later universally used. In 1875 he became a 
partner in the firm of Stevens, Roberts and Havell, 
manufacturers of direct-current generators. In the 
year 1881 this business, then known as The Weston 
Company, was consolidated with the United States 
Electric Light Company, with which company Mr. 
Weston continued as electrician until the year 1888. 

Since 1888, Dr. Weston has devoted his time and 
talents to original research and invention of electric 
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measuring instruments. He was vice-president and 
general manager of the Weston Electric Instrument 
Company from 1888 until 1905; since the latter year 
serving as President of the Company, and has been an 
outstanding leader in the developments and manufac- 
ture of electric measuring instruments of precision. 

In February of this year at the dedication of the 
Moore School of Electrical Engineering in Philadelphia, 
Dr. Weston received the honorary degree of Doctor 
of Laws, in recognition of his distinguished services to 
the world. 

He was president of the A. I. E. E. for the annual 
term 1888-89. 


A. E. C. Committee 
Report on Muscle Shoals 


At the request of Senator Norris, Chairman of the 
Senate Committee on Agriculture, the American 
Engineering Council appointed a committee to consider 
the disposition of Muscle Shoals. The committee 
consisted of Fred R. Low, Harold W. Buck, Leonard 
Waldo, H. E. Howe, E. B. Whitman, J. B. Davison, 
and H. B. Walker. In its report to Senator Norris the 
committee states that the time was too short to sift 
out from the conflicting data a sound engineering 
recommendation as to the disposition or use of the 
property. The committee was however in unanimous 
agreement on the following points: 

“First, that a Joint Committee of Congress should be 
constituted ‘to consider offers, conduct negotiations 
and report definite recommendations’ as advised by the 
President in his message to Congress delivered Decem- 
ber 6, 1923. 

“Second, that no disposal should be made of any of 
the Muscle Shoals properties or rights until each Joint 
Committee of Congress shall have rendered its report. 

“Third, that in no event should any disposition of the 
power plant be made that is not in substantial accord 
with the provisions of the Federal Water Power Act. 

“In the course of its investigations the committee 
found nothing to justify the popular belief that the 
operation of the existing plants at Muscle Shoals will 
make substantially cheaper fertilizers immediately 
available, inasmuch as nitrates, however important, 
constitute but one of the three basic ingredients of 
commercial fertilizers, and consequently a considerable 
reduction in the nitrate cost would be reflected only to 
a slight degree in the cost of the marketable product. 

“The committee further found that recent develop- 
ments of the synthetic process of nitrogen fixation had 
materially changed the entire outlook in the art and 
it is now quite possible that this process, for the use of 
which the so far unsuccessful Muscle Shoals Plant 
No. 1 was designed, may yet yield nitrate at a cost to 
compete with that obtained from Chile; and Plant No. 
1, until recently considered a failure, may be the more 
valuable of the two constructed by the Government.”’ 


Some Notes on Street Lighting 


BY PRESTON S. MILLAR 
Member, A. I. E. E. 
Genl. Mgr. and Secy., Electrical Testing Laboratories, New York, N. Y. 


& Review of the Subject.—This paper, after discussing the 


criterion of street lighting effectiveness, presents comments upon 
certain of the variables of street lighting. 


Test data are presented upon certain sizes and types of incan- 
descent lamps for street lighting. An attempt is made to indicate 
something of the present status of street lighting, including the 


GOOD way to begin any activity is to define the 

purpose in view. The purposes of street light- 

ing have been defined variously. Starting thus 
from different premises, writers on the subject have 
naturally arrived at divergent conclusions. In con- 
sequence there is uncertainty as to the principles which 
should guide in the design of street illumination. 

The Purposes of Street Lighting. 
terms it is believed that the purposes of street illumi- 
nation are:—first to reveal, and second to embellish. 

Protection against the hazard of criminal violence 
and collision; security in avoiding obstacles and in- 
equalities in roadway; facility in finding one’s way 
about, all require that the light which is provided shall 
reveal what it is important to see on or about the 
street. No system of street lighting is effective which 
fails to achieve this purpose. Any system of street 
lighting is effective largely in proportion as it serves 
this purpose. 

Of secondary importance, to be weighed with respect 
to the type of street involved, is the extent to which a 
street lighting system, by reason of the design and 
location of lamp supports and equipment, promotes the 
good appearance of the street in the daytime, and by 
virtue of these things and its characteristic of light 
distribution, promotes the good appearance of the 
street at night. 

Subsidiary purposes which street lighting systems 
have been designed to serve are advertising of the 
locality, attracting trade, etc. These more properly 
fall in the category of advertising display, but are 
sometimes combined with street lighting for reasons 
of expediency. 

Among diverse requirements for a successful street 
lighting system which have been put forward, the 
following may be noted: 

“The problem of street illumination is to produce a 
uniform low intensity.” 

x * * * “JT recognize that a moderate diversity 
(of illumination) is much more satisfactory.” 

x * * * “Avoidance of glare is the most important 
factor in street lighting.” 

It is submitted that any of these and other alleged 
major requirements to be served by street lighting may 


To be presented at the Annual Convention of the A. I. E. E., 
Edgewater Beach, Chicago, Ill., June 23-27, 1924. 


Reduced to lowest 


presentation of a selected list of modern lamp posts and lighting 
equipments. The paper concludes with data to show the character 
of installations now recommended by experts for the lighting of 
various classes of streets, and the advance in recent years in ideas 


of desirable levels of street illumination. 
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be tested fairly by ascertaining to what extent they 
contribute to the revealing power of the street light- 
ing system and to the embellishment of the street. 
It would perhaps be desirable to sacrifice other features 
to secure a “uniform low intensity” if by doing so the 
revealing power of the lighting would be greater, but 
until such has been demonstrated to be the case, the 
writer for one is unwilling to subscribe to this state- 
ment. The test of whether uniform distribution of 
light along the street or a ‘‘moderate diversity’’ is 
better lies in a determination of revealing power of 
the two kinds of lighting. That ‘‘avoidance of glare’ 
is not the “most important factor’’ is evidenced by the 
obvious fact that this can be accomplished by extin- 
guishing street lamps, which would not at all contribute 
to the revealing power of the lighting system. 

In this country the history of the street lighting art 
records the prevalence for a period of years of first the 
“9000 candlepower” criterion and subsequently the 
candlepower delivered 10 deg. below the horizontal as 
measures of street lighting effectiveness. The causes 
contributing to the adoption of these two criteria 
are now well understood. Neither could have come 
into use had revealing power been recognized as the 
principal test of street lighting. 


EFFECTIVENESS IN STREET LIGHTING 


There is at this time no generally accepted criterion 
of effectiveness in street lighting. It is customary to 
decide between competing street lighting systems by 
any means which best commend themselves to those 
responsible and to stipulate in contracts the lamps, 
equipment and service which together constitute the 
street lighting system. Among the means availed of in 
choosing a system are usually inspection, observation, 
and tests of the lighting units in a laboratory or on the 
street or both. Actual attempts to determine relative 
revealing power of various systems are rarely if ever, 
made in practise. 

Effectiveness in a street lighting system like personal 
charm is recognized when encountered, but is difficult 
to define. It depends upon the right combination of 
several qualities, some of which are perhaps intangible. 
However, when a street lighting system attains to 
thorough effectiveness, the illuminants will be found to 
be located and spaced suitably, to be mounted at a 
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desirable height and to be enclosed or equipped in such 
a way as to present to the eye a desirable combination 
of candlepower and brightness for the lighting unit 
and of distribution of light along the street and upon 
buildings. Suitability and desirability in these par- 
ticulars sometimes hinge upon the local conditions 
peculiar to the installations. A few comments of 
general applicability may, however, be in order at this 
point of the discussion. 


Location of Lamps. For effectiveness in illuminating 


Hired 


In the old system, but little light being available, the lamps were located 


over the roadway for greatest effectiveness. The more adequate modern 
lighting permits location of lamps for pleasing effect. 


streets there is no location quite so favorable as directly 
over the driveway. Where the lamps are few and far 
between and of small size, and where the pavement is of 
asphalt or other material which tends to take a polish 
from motor traffic, the advantages of locating the lamps 
over the driveway are greatest. Thus guy wire sus- 
pension and mast arm post mountings possess advantage 
in such installations. When the lamps are numerous 
and of large size, and the street illumination is of 
higher intensity, precise location of the lamps is of less 
importance since the greatest revealing effectiveness 
does not have to be obtained from them. This point 
is well illustrated in Fig. 1 in which a modern twin lamp 
installation supersedes an earlier mast arm installa- 
tion. The new installation is effective in spite of a 
location which makes for much lower effectiveness per 
unit of light. When a relatively great amount of light 
is produced, effectiveness of utilization may be sacri- 
ficed somewhat to secure improved appearance. With 
the lesser quantity of light afforded by the earlier 
installation, the location of lamps over the street was 
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essential in order to utilize with fair efficiency the 
relatively small amount of light which was produced. 

Spacing of Lamps. Evidently spacing intervals 
should be small enough to avoid dark areas between 
lamps. On the other hand, the writer’s experience has 
indicated that it is not desirable to incur large expense 
through reducing spacing intervals in an attempt to 
approximate uniformity of illumination along the 
street. Discernment in the street at night is largely 
dependent on contrasts of light and shadow. Studies 
of revealing power made for the joint street lighting 
committees of the National Electric Light Association 
and the Association of Edison Illuminating Companies 
1914-1915, indicated that when uniformity is attained 
through multiplicity of small illuminants, contrasts are 
diminished through the elimination or reduction of 
shadows, so that objects on the street and depressions 
or holes in the street surface are not seen so well as they 
are when lighted from fewer, larger lamps. These, 
through failing to provide uniformity of illumination, 
do produce relatively strong shadows which are an aid 
to visibility. 

Mounting Height. In connection with the control 
of light for street lighting purposes, much planning and 
design have been influenced by a desire to approximate 
uniformity of illumination along the street. Atten- 
tion in this connection has been focused upon illumi- 
nation intensity curves such as those shown in Fig. 2. 
Other aspects of street lighting effectiveness have 
sometimes been sacrificed to secure a considerable 
percentage increase, but a small absolute increase in 


Mounting Height of Lamps 21 ft. 
Spacing of Lamps 200 ft. 
Output of bare lamp 4000 lumens in each case 
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HORIZONTAL ILLUMINATION INTENSITY 


a ———at 


HORIZONTAL DISTANCE FROM POINT 21 FEET 
VERTICALLY BELOW LAMP 


Rigi 2, 
The desire to approach uniformity of illumination along the street has 
influenced street lighting design quite generally. 


illumination midway between lamps. Such improve- 
ment in midpoint illumination can be had, of course, 
only at the expense of largely increased candlepower 
just below the horizontal. To avoid glare as a conse- 
quence of such light distribution, the units have some- 
times been mounted high. The resultant effect upon 
the illumination curve has been thought to be good. 

It must not be forgotten, however, that as lamps of 
symmetrical horizontal distribution are mounted higher, 
the proportion of light flux delivered upon the street 
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surface is diminished. This effect is increased if the 
candlepower just below the horizontal is made large to 
reinforce the illumination midway between lamps. 
In Fig. 8 curves are shown to illustrate the relations 
that are here involved. Considering the total light 
produced, a smaller part is delivered below the hori- 
zontal from a diffusing globe unit than from a bowl 
refractor. With low mountings of the bowl refractor, 
the advantage in the proportion of light delivered upon 
the street is quite large. At 43 ft. mounting height, 
which, of course, is higher than may be considered 
practicable when lamp posts are employed, the pro- 
portion of light delivered upon the street is the same 
for the two types of distribution. If, however, some 
light is desired above the horizontal, and the lower 
hemispherical light flux alone is considered in this 
relationship, the relative proportions delivered upon 
the street surface are shown in the two lower curves, 


| Width of Street 90.ft. 
| Width of Roadway 60 ft. 
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With increased mounting heights, the proportion of light flux delivered 
directly to the street surface becomes smaller. 


the bowl refractor delivering a smaller proportion of 


flux from all practicable mounting heights. 


This consideration apparently has entered into the 
design of two-way and four-way refractors, described 
later, which are intended to deliver larger proportions 
of the light along the streets by utilizing the lght 
which otherwise in some installations would be wasted 
or used to poor advantage in other directions. 

Characteristics of Equipment and I liwmination. The 
avoidance of undue glare is important to street lighting 
effectiveness. Glare dependslargely upon the brightness 
and candlepower of the lighting unit within the field of 
vision and is modified by the brightness and extent 
of other illuminated areas likewise within the field of 
vision. It is modified also as the source is removed 
from the center of the field of vision. 
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The relationship between candlepower and _ bright- 
ness of source, and the relationship of these to location 
and background in street lighting are not well under- 
stood. The writer has been unable to accept the 
indications of his own and other attempts to measure 
and evaluate such effects. In none of them has the 
subjective element been eliminated or brought under 
adequate control. No way has been found to repro- 
duce for test purposes the conditions of attention which 
obtain in the ordinary use of the street by drivers and 
pedestrians, nor have means been found to evaluate 
the feeling of satisfaction and contentment with one 
lighting system which may not be experienced with 
another lighting system, when the latter cannot be 
said to produce serious glare which can be measured in 
visual tests, but is still unsatisfactory as to brightness 
or candlepower in the direction of the eye. Consider- 
able pioneer work has been done along these lines and 
street lighting systems have been designed with 
reference to the results of such investigations. The 
writer’s experience in the conduct of investigations in 
this field and his observation of designs, based upon 
such investigations, lead him to feel that the answer has 
not been found by such means. 

The problem resolves itself in the main, into a 
means of delivering sufficient light upon a street with- 
out producing serious glare. The usual means em- 
ployed are to mount illuminants at a moderate height 
and employ sufficiently large globes to keep the bright- 
ness below the point which produces serious glare, or 
else to mount the lamps high with a view to removing 
them from the center of the field of vision, employing 
some means of directing the light downward upon the 
street. 

An interesting comparison of these two methods has 
been afforded through demonstration installations in 
Columbus, Ohio during the spring of 1924. These 
installations have covered too short a length of street to 
make the demonstrations entirely convincing, but the 
contrast between the two systems was displayed in so 
striking a fashion as to occasion surprise that, after 
years of effort along the lines of improvement in street 
lighting, leaders in the art could entertain such diverse 
views as to means of accomplishing the desired ends. 

One more comment on the desirability of uniformity 
in street illumination should be made. When lamps 
of moderate or large size are mounted at relatively 
large spacing intervals, the only way to approach 
uniformity of lighting is to redirect the light along the 
street with a large excess at angles slightly below the 
horizontal, in order to deliver enough light midway 
between lamps to render the illumination in such areas 
comparable with that nearer the lamps. This can be 
accomplished only at the expense of such high candle- 
power and brightness at angles slightly below the 
horizontal as to occasion serious glare at any practicable 
mounting heights. The superiority of substantially 
uniform illumination along the street over a moderate 
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diversity, resulting from more natural light distribution 
characteristics, is usually insufficient to compensate 
for the attendant condition of glare. 

Uniform illumination of moonlight is excellent. 
But uniform illumination achieved by many small 
illuminants staggered along both curbs or by means of 
candlepower distribution curves, having an excess just 
below the horizontal, imposes damaging visual handi- 
caps and, in the writer’s opinion, is not be to desired. 
Observation and experience indicate that in street 
lighting moderation is generally desirable. Moderate 
size lamps, equipped so as to modify light distribution 
somewhat in the direction of uniformity of illumination, 
moderately bright, moderately spaced and at moderate 
heights, lend themselves to successful street illumina- 
tion in the generality of cases. Departures toward 
either extreme in any particular may be justifiable 
and may be desirable, but in general, moderation is the 
best rule of practise. 

It appears to be indicated that in proportion as little 
light is available for streets, it is important to employ 
equipment which is designed to direct it along the 
street to the exclusion of the side of the street. Con- 
versely, when ample light is available, unnatural and 
dissymmetrical light distributions become unnecessary 
and buildings along the street may be lighted as well as 
the street surface with advantage to visibility condi- 
tions and to the appearance of the street. 

In the interesting and useful demonstration of street 
lighting systems made available last winter, through 
the co-operation of the National Lamp Works of the 
General Electric Company, The Cleveland Electric 
Illuminating Company and the Cleveland Municipal 
Department of Light and Heat, comparison was made 
between lamps of a given size, spaced at equal intervals 
but mounted at respectively 1614, 21 and 26 ft. above 
the street level, the highest mounting being out over 
the street and the lowest mounting being over the 
curb. The lowest mounting resulted in the greatest 
amount of light being delivered upon the street with 
some appreciable glare. The highest mounting re- 
sulted in a smaller quantity of light being delivered 
upon the street andlessglare. Thewriter’sindependent 
judgment favored the medium mounting height as 
producing the largest effectiveness under the particular 
conditions which prevailed, and he was advised subse- 
quently that this judgment tallied with that of most 
observers. This verdict was applicable, of course, only 
to the particular conditions of these trial installations. 
But the incident illustrates the fact that the most 
desirable mounting height in any case can best be 
determined by trial in the street. 

Some years ago in New York City, in order to ascer- 
tain the best location and arrangement of lamps for 
lighting a boulevard, lamp posts were mounted in rock 
ballasted barrels which were shifted about to secure 
best practicable locations. The result was excellent 
utilization of the light from the lamps. Some such 
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method of experiment in the street is to be recommended 
wherever it is practicable to apply it. 


ILLUMINANTS 


Rating Accuracy of Tungsten Filament Lamps. Like 
all illuminants which are employed in street lighting, 
tungsten filament lamps differ individually in light 
output and efficiency when new, and vary somewhat as 
they are operated. It is not possible to present any 
tests of rating or of life performance which may be 
regarded as representative of all tungsten lamp pro- 
ducts or of any one product at all times. In Figs. 4 
and 5, however, there are shown ratings and life per- 
formance data of Mazda lamps of the street series and 
multiple types which are perhaps as nearly representa- 
tive as any that might be chosen. 

The tests.of rating represented in Fig. 4 in the form 
of target diagrams bring together samples of various 
Mazda products selected over a number of months. 
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Rating accuracy of incandescent lamps for street lighting. 


It is to be expected that a similar number of lamps of 
some one product produced at one time would display 
somewhat more consistency than is here shown, but 
such a group would be less representative than the 
group chosen. The trapezoid and the rectangle 
represent the tolerances of standard lamp specifica- 
tions, and each dot indicates by its location on the 
diagram the lumens and watts of a lamp. In the 
sample ratings illustrated, a range of +14 per cent in 
lumens for series lamps and of +12 per cent in lumens 
per watt for multiple lamps is indicated for new lamps 
by the standard specification tolerances. 

It is understood that there are in existence some 
street lighting specifications which call for closer 
conformity to rated lumens on the part of individual 
lamps than has been attained by the most progressive 
lamp manufacturers. Such provisions, if complied 
with, occasion undue expense in the selection of lamps 
and accomplish little, if anything, of advantage to the 
public. If not complied with, they introduce possi- 
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bilities of trouble which are undesirable from every 
point of view. It is submitted that street lighting 
specifications ought not to prescribe closer adherence 
to rating on the part of the illuminants than best 
practise permits, unless it is understood that such 
closer adherence involves increased cost which must be 
met at public expense. 

Laboratory performance throughout life with respect 
to light output and efficiency is indicated in Fig. 5 for 
samples of series and multiple Mazda lamps of the 
type illustrated.1. These performance characteristics 
are perhaps as representative as any that might be 
chosen. The performance characteristics of other 
sizes, types and makes of lamps may be materially 
different from those illustrated. The better lumen 
maintenance of the series lamps as compared with the 
multiple lamps is the natural result of the increased 
watts expended in the lamp as the filament resistance 
increases throughout life. The lumen maintenance of 
the multiple lamp, though not so good as that of the 
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Life performance of certain sizes of incandescent lamps for street lighting. 


series lamp, is excellent as compared with earlier types 
of incandescent lamps. 

These changes in light output throughout the lives 
of lamps do not take into account losses due to dust or 
discoloration of reflectors or globes. 

No statistics are available to the writer to show the 
change in light output of modern magnetite arc lamps 
throughout the period of electrode life and between 
cleaning and trim periods. 

Multiple Lamps. With the development of a success- 
ful system of remote control? and of reliable time 
switches, the multiple incandescent lamp operated from 
commercial service mains has come into much greater 
favor than it formerly enjoyed for street lighting 
purposes. 

Settee test statistics are available through the courtesy 
of the Lamp Committee of the Association of Edison Illumi- 


nating Companies. ina : 
2. Remote Control of Multiple Street Lighting—W. T. 
Dempsey, JOURNAL A. 1. E. E., October 1928, page 1106. 
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Arc Lamps. The arc lamp has now been very largely 
superseded by the incandescent lamp for utilitarian 
lighting of secondary streets. In its more powerful 
form, however, employed with diffusing globes, the 
magnetite lamp is a very lively factor in lighting the 
most important and distinctive streets of many cities. 


PRESENT STATUS OF STREET LIGHTING IN THIS 
COUNTRY 


Municipal Expenditures. Cities ordinarily spend 
about 75 cents per capita per annum for street lighting. 
It seems to be the general feeling of those, who after 
study of the subject have expressed themselves in 
the technical literature, that about twice this amount 
should be spent on the average for street lighting, in 
order to provide illumination which is adequate to 
meet the requirements of modern congestion of high 
speed traffic. Differences in local conditions may 
double or halve the sum required in a given community 
to afford street lighting of the desired effectiveness. 

Unity of Design. Street lighting systems in most 
American cities suffer from lack of uniformity and 
style, having been designed at different times by people 
whose ideas as to the requirements differed. For the 
most part, systems have grown from small beginnings, 
according to the seeming expediency of the hour and 
without any coherent principle as a basis upon which 
to develop a homogeneous system expressive of the 
city’s character and reflecting favorably upon its 
management. Few, indeed, of the larger cities have 
attempted, as St. Louis is now doing, to introduce an 
entirely new street lighting system designed with unity 
of purpose to serve present needs and to be capable of 
expansion for future requirements without sacrifice of 
unity of design. 

Lamp Posts. In lamp mountings, independent posts 
for one or more lamps or brackets on trolley line poles 
are in general use. The cluster of five lamps, more or 
less, in diffusing globes mounted low is passé. The 
columnar post for one lamp, the bracket post for 
lantern type of housing, and the modern multiple lamp 
post are illustrated by a variety of samples in Figs. 6 
and 7. The inclusion of transformers in the bases of 
lamp posts has had an undesirable influence in making 
the diameter larger than is consonant with the purpose 
of the post, often robbing it of grace. In this respect, 
the posts for multiple lamps have possessed an advantage. 
Recent transformer types of smaller dimensions have 
mitigated this difficulty. ; 

To a considerable extent the leading manufacturers 
of lamp posts, lamps and lamp equipment have in- 
fluenced the type of street lighting installations, 
particularly in the smaller cities. For the most part, 
new street lighting systems which have been installed 
have been superior to existing systems. In street 
lighting the tendency to passing styles has not exceeded 
the bounds of moderation because innovations have 
had to justify themselves in the eyes of the purchasers 
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Fig. 6—MopeERN STREET Lamp Posts 


Chicago bracket on trolley wire post 

Cleveland bracket 

New York bracket 

Saratoga twin lamp post with large and small alternate lamps in each globe 
New York twin lamp post 

Salt Lake City triple lamp post 


{a 
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THeEst ILLUSTRATIONS ARB 
Not ADJUSTED TO A Common SCALz, 
Prismatic refractor globe 

Prismatic bowl as used in Milwaukee 

Diffusing globe as used in Saratoga 

Diffusing panels enclosing reflector and dome refractor 

Prismatic glass panels as proposed for St. Louis 

Stippled glass panels enclosing dome refractor as used in Cleveland 
Diffusing glass globe enclosing dome or bi-lux refractor 


Rippled glass globe with or without interior refractor as used with magnetite lamp 
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and users who have generally inquired rather carefully 
into their merits before committing themselves to the 
_ large expenditures involved. 


ATMOSPHERE AND TRADITION IN STREET LIGHTING 


Economy dictates, at least for smaller installations, 
the choice of standard lamp posts and equipments. 
Such choice, however, loses distinctive qualities for 
the installation. There are some communities which 
are perhaps so characterless and colorless as to possess 
no traditions and to afford to the observer no distinctive 
features. When, however, a community is of dis- 
tinctive character, it would seem that lamp post and 
lamp equipment design afford an excellent opportunity 
for the exhibition of atmosphere and traditions which 
ought to be availed of where practicable. Two illus- 
trative installations occur in this connection. Some of 
the street lighting of Rivérside, California was until 
recently provided from concrete posts the heads of 
which represented the archway of a Mission belfry, 
while a bell-shaped lamp shade represented the Mission 
Bell, the whole embodying the romantic Mission 
traditions of the neighborhood. Another instance is 
offered by the historic lighting of Independence Square, 
Philadelphia, in which the modern lamp posts and 
lanterns are designed to preserve the traditions through 
faithful reproduction of the oil lamp lighting of the 
Square which is said to have been designed by Benja- 
min Franklin. In neither case did the lighting achieve 
high effectiveness from the point of view of utilitarian 
street lighting. Both designs, however, are notable 
as worthy attempts at preservation of traditions in 
street lighting design and as illustrations of attempts to 
obtain a logically distinctive lighting system. 

Lamp Equipments. Perhaps no phase of the street 
lighting problem is mooted so generally as is the 
question of equipment of the lamps. Preference for 
urban street lighting ranges from a diffusing ball, 
largely lacking in directive qualities, to optical equip- 
ments which afford maximum opportunity for directing 
the light as desired. Among intermediate equipments 
some combination of a slightly diffusing outer globe of 
large area with an internal refractor appears to meet 
with rather general approval. These combine a 
measure of control of the light with a reduction in 
brightness, achieving a satisfactory degree of effective- 
ness for many street lighting purposes. Lighting 
equipments of these types are illustrated in Fig. 8. 

Notable advances have been made in recent years in 
the adaptation of prismatic glassware to street lighting. 
The prismatic refractor as a complete globe for street 
lighting units has proved very effective in redirecting 
light as desired. In its original form, limited apparently 
by cost considerations to relatively small size, its 
brightness was rather high and, in particular when used 
with the larger lamps, was too high for many purposes. 
A more recent development of the refractor in a larger 
size (1634 in. upright inverted) has mitigated this 
difficulty. 
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More recently the prismatic refractor has found an 
interesting field of usefulness as an internal directing 
element of a street lighting fixture employed with a 
larger outer globe, usually more or less diffusive in 
character. Such directing refractors employ horizontal 
prisms to direct the light upward or downward, or 
vertical prisms to direct the light along the street, di- 
verting it from the side of the street. Some illustra- 
tions of refractors employed in this way appear in 
Fig. 8. 

Another recent development of the refractor, which is 
designed to form a complete lighting equipment, 
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Fig. 8—PrisMaTIC GLASS FOR LicgHt CoNTROL 


1. Equipment used at East Cleveland 

2. Refractor post top 

3. Lantern as used at Cleveland 

4, Stippled glass globe with dome refractor 

Magnetite lamp with inner refractor 

Panelled stippled glass globe with dome refractor and reflector. 


employs a system of prisms, designed to direct much 
of the light in two directions up and down the street, 
or in four directions at rectangular street intersections. 
The horizontal distribution of candlepower for such 
refractors shows either two or four pronounced lobes. 
Where accurate setting of such equipment can be 
assured, and where the high brightness is not objec- 
tionable, these two and four-way refractors may be 
found useful. They are intended to be applied chiefly 
in “ornamental” lighting systems; 7. e., with under- 
ground distribution and ornate posts and housings. 

Still another application of prismatic glassware is In 
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the form of panels of a lantern type of street units as 
illustrated in Fig. 7. 


HIGHWAY LIGHTING UNITS 


A feature of modern development in street lighting is 
the lighting of highways. This is very desirable as a 
contribution toward the construction of pole lines in 
rural communities and toward the solution of the 
difficult automobile headlighting problem, in addition 
to the direct advantages of street lighting which apply 
to highways as well as to city streets. In the lighting 
of highways spacing intervals must of necessity be 
great and the design of equipment must be such as to 


utilize to the utmost the available light flux for delivery 
along a narrow strip of highway. A concentration of 
light up and down the road with a generous flux of light 
on the street below the lamp is indicated. Although 
some attempts in this direction were made at an earlier 
date, highway units were not put forward actively 
until the availability of the concentrated filament, 
gas-filled tungsten lamp made possible higher effective- 
ness from such devices than was formerly attainable. 
Three designs, with practically the same objects in 
view, are illustrated in Fig. 9. All accomplish more 
or less well the purpose of delivering the light along the 
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highway. None is conspicuous for grace or beauty. 
In highway lighting units, “handsome is as handsome 
does.” 


STANDARDS OF ILLUMINATION FOR VARIOUS CLASSES 
OF STREETS 


Several writers? on street lighting recently have 
classified streets and suggested ranges of illumination 
suitable for each. In Table I an attempt is made to 
combine these statements to indicate modern ideas 
of suitable levels of illumination. Obviously, in | 
consolidating them certain liberties have had to be taken. 
The table, however, is probably fairly representative 
of their views as expressed. For each class of street, the 
range of lower limits and the range of upper limits have 
been shown for each particular of street lighting which 
has been covered by these writers. 

In relating lamp lumens to illumination on the street 
surface, it is necessary to take into account the loss of 
light in the lamp equipment, the width of the street, 
the location and height of the lighting unit and the 
reflection of light from buildings. 


ADVANCING STANDARDS OF STREET ILLUMINATION 


Increase in high-speed vehicular traffic and growing 
appreciation of the importance and value of good street 
lighting have brought about a rapid advance in levels 
of illumination advocated for street lighting. A good 
illustration is afforded by the comparison in Table II 
between illumination intensities regarded as typical of 


3. C. W. Koiner, Chairman Commission on Street Lighting, 
Society for Municipal Improvements, Elec. World, Dec. 23, 1922. 

Engineer Commissioner—District of Columbia, Letter, 
3/25/1924. 

A. F. Dickerson, General Electric Company, Elec. World, 
Oh PP PRP. 

R. E. Greiner, Edison Lamp Works, Bulletin L. D. 144. 

EK. A. Anderson, National Lamp Works, Bulletin No. 46. 

N. E. L. A. Street & Highway Lighting Division, 1922. 


TABLE I 
RECOMMENDED STANDARDS FOR STREET LIGHTING 
Lamp 
Mounting Lumens per 
Cp. per Height Spacing Linear Foot 
Class of Street Unit (Feet) (Feet) of Street 
Range of lower! Lists Wrey-te et -stsinecsitel eels Primary Business 600—1000 14——18 60—100 100—330 
“ “ “ 
Upper “eee eee ee eens 2500—5000 25 150 250—1000 
Rangeeor lowerilinm ite aenusatetacecteteteastioke c Secondary Business 600—1000 14—15 80—100 50—150 
upper — 3 EP acatsitoravnasy eomelep cpa eee hs. a : 1000—2500 16—25 125 160—500 
Raneeor lower limutsies ny aeee on oe Outlying Business 250 12 60— 80 20—125 
upper © ondgepaoRoobion Gognat 600 16 80—125 100—200 
Range oor lowerdimicsaness mmvseieer eerste Wholesale and manufac-| 250— 400 20 125—150 20— 50 
a SUD DES es aoreme tess sci ie Ae Pas turing district | 1000—1500 25—30 250—300 
Rangeof lower limbs: ss aan cee a Thoroughfares | 250— 400 15—20 75—150 es ry 
PiU DOR Ie Se wencn ema cas Ate one aety ators 600—1500 25—30 20) af 
ig é 25— 200—300 — 
Range of lowersimitss-n ere eee Residential 100— 250 10—14 100—150 ier 
upper fel Decctudoocnenduec sd 600 20—25 250—350 8—_. 50 
Rangeioflowerlimits)...-. omeeaseaeeeee Boulevards 250— 400 12—15 100—125 10 60 
es SUPPL ke eee abe 5 0 pres = 
Lets ees OW ts <3 600—1000 20—2 — 
Rangelotdower limits seis. ces ae Parks 250 eee peor tee Ps 
ks AD 0) Of) es aes eee cc eC Aa oe 600—1000 20—2 ay 
. . — es 5 2 =. tea 
yee Orlower Limits. -sete se ose oe eee Outlying districts, alleys and 100 14—15 pene sits es 
ars E50) Oe Otek in A ee side streets 250— 600 18-——20 250 400 pS 
eS Oflowemlimitsssceeeee en eee Highways 250 25 30 See: aa te 
66 “ | it ae or ae 
WUD DOW ot erat srtxcicte.e phclsy eaters here 400 35 400—600 8— 12.5 


Py 
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AD [ 
) VANCING IDEAS OF SUITABLE LEVELS OF STREET ILLUMINATION 


1916 Standards 


: Avg. Horiz. Illum- Desirable 


1924 St. Louis Proposal 


Class of Streets ination Intensity Characteristic Zone eae 
| Important avenues and heavy traffic 
BUSCOESR Entei eiowiselais ccteblo’e tok «6 0.5-L.0 ft. c. Ample light on building Downtown retail 1.68 ft. c. 
. : : Intermediate Zone 1 1.20 
Secondary business streets............ 0.1-0.2 Ample light on building Intermediate Zone 2 0.7 
Intermediate Zone 3 0.47 

Major thoroughfares outside cen- 
: ° : tral zones 0.30 

mand cane BENCOUS Scie. cigs t.lat's 0a. Sransie'a, 0.05-0.1 Subdued light on bldg. fronts Residential heavy traffic 0.16 

uburban highways BR thomiele d aicrms, 2 0.02-0.04 Max. light on roadway 
Suburban residence streets............. 0.005-0.02 Very subdued light on building|Residential outlying 0.09 
fronts 


practise in 1916‘, and levels of illumination intensity 
proposed for the new lighting of the streets of St. 
Louis.6 The St. Louis proposed illumination levels 
are considerably in advance of the standards advocated 
in Table I. The writer does not know how representa- 
tive they are of modern ideas, but if they are no more 
than the expression of convictions reached by municipal| 
authorities after investigation, the contrast which they 
form with the levels regarded as typical in 1916 is a 
striking commentary. on the advance of street lighting 
theory if not of practise. 

It is not clear at this time how far this advance in 
standards of street lighting will be carried, but it is 
clear that large advances are being made with results 
that are beneficial to the public, the utility company 
and the manufacturer of equipment. 

The author desires to thank representatives of the 
General Electric Company, the Holophane Glass Com- 
pany and the Westinghouse Electric and Manufacturing 
Company for street lighting information supplied 
upon request, and to express appreciation to several 
others who have assisted in the preparation of this 


paper. 


THE LAMP HAS SET A CHALLENGE 


There is an aspect to this reduction in the price of 
lamps other than the resulting lower cost to the con- 
sumer. This aspect is what the reduction signified as 
a manufacturing accomplishment—it acts as a challenge 
in the manufacture of other electrical products. What 
Henry Ford has demonstrated to the automobile in- 
dustry the larger incandescent lamp factories have 
demonstrated no less conclusively to the electrical 
industry. Both cases involve the fundamental eco- 
nomic principle that improved machinery and processes, 


4. Lighting of Streets —P. 8. Millar, IE: 8.—v. of P 


Lecture Course, 1916. 
5. Rolph Toensfeldt, Department of Public Utilities, St. 


Louis Electrical World, Nov. 24, 1923, page 1065. 


under favorable conditions made possible by mass pro- 
duction, may offset the great increase which has come 
in the cost of both labor and materials and reduce the 
cost of the product to the consuming public. Such an 
operation it is that has brought the automobile into 
the almost universal service of the masses. It has 
caused this reduction of the price of lamps to an average 
30 per cent below the pre-war level, in spite of the fact 
that the cost of labor in the lamp factories has doubled 
and the cost of materials more than doubled in the 
period. Improved lamp-making machinery has so cut 
the labor cost per unit and economized on factory space 
as actually to result in a marked saving to the consumer. 
Meanwhile, there are two and a half times as many in- 
candescent lamps in use as there were ten years ago. 
How much of this increased consumption has been 
induced by falling prices, of course, can only be con- 
jectured. 

It is a notable achievement in industrial history that 
is worth the serious consideration of every other manu- 
facturer in the electrical industry. How far can this 
same principle of improved processes and greater pro- 
duction be invoked to reduce the cost of other electrical 
commodities and influence the expansion of the market 
__which means the increased consumption of electrical 
energy and the greater use of electrical appliances and 
accessories, to the benfit of our entire industry and all 
the people? It will be but natural for other manufac- 
turers to say, ‘But lamps are different.” Yet auto- 
mobiles are unlike lamps. After all, it is not a matter of 
the nature of the product, but rather the potential 
capacity of the public to desire and assimilate. Few 
men could see the greatness of the demand for motor 
ears when Ford began to make his dream come true. 
And when the vastness of the market that lies ahead of 
the electrical industry is considered, no one can doubt 
that other great industrial pioneers will in other direc- 
tions find the way in a manner no less spectacular in this 
field of unparalleled opportunity. Lamps have set a 
challenge to electrical men.—Electrical World, Feb. 16, 
1924, p. 318. 
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Review of the Subject.—Consideration is given to the method 
of determining and expressing the transmission efficiencies of tele- 
phone circuits and apparatus, and of the desirable qualifications for 
a unit in which to express these efficiencies. The ‘transmission 


HE ‘mile of standard cable’ has been used in 
‘if telephone engineering in this country for over 

twenty years, and during that time has been 
adopted in other countries, as the unit for expressing 
the transmission efficiency of telephone circuits and 
apparatus. In the present state of the telephone art, 
this unit has been found, however, to be not entirely 
suitable and it has recently been replaced in the Bell 
System by another unit which for the present, at least, 
has been called simply the ‘‘transmission unit.’”’ Be- 
fore considering the reasons for such a fundamental 
change and the relative merits of the two units, it may 
be well to review briefly the general method of deter- 
mining the efficiency of such circuits and the apparatus 
associated with them. 

The function of a telephone circuit is to reproduce 
at one terminal the speech sounds which are impressed 
upon it at the other terminal. 
the circuit are in the form of sound and its efficiency 
as a transmission system may be expressed as the ratio 
of the sound power output to the sound power input. 
For commercial circuits, this ratio may be of the order 
of 0.01 to 0.001. 


In the operation of the system, the sound power input 
is converted by the transmitter into electrical power, 
which is transmitted over the line to the receiver and 
there reconverted into sound power. The effect of 
inserting a section of line or piece of apparatus or of 
making any change in the circuit can be determined 
in terms of the variation which it produces in the ratio 
of the sound power output to the sound power input, 
or, if this latter is kept constant, in terms of the ratio 
of sound power output after the change to that obtained 
before the change was made. It should be noted 
particularly that the change in the output power of the 
system is the real measure of the effect of any part of 
the circuit on the efficiency of the system and that the 
ratio of the power leaving any part to that entering it 
is not necessarily the measure of this effect. For 
example, a pure reactance placed in series between the 
transmitter and the line, may change the power 
delivered to the line by the transmitter and hence the 
output of the receiver, the magnitude and direction 

To be presented at the Annual Convention of the A. I. E. E., 
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unit” described in this paper has been selected as being much more 
suitable for this purpose under present conditions than the “mile 


of standard cable” which has been generally used in the past. 
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of the change being determined by the impedance 
relations at the point of insertion. The ratio of the 
power leaving the reactance to that entering it is, of 
course, unity, as no power is dissipated in a pure 
reactance. In other words, the transmission efficiency 
of any part of a circuit cannot be considered solely 
from the standpoint of the ratio of output to input 
power for that part, or the power dissipated in that 
part, but must be defined in terms of its effect on the 
ratio of output to input power for the whole system. 

By determining the effect of separately inserting the 
many pieces of apparatus that may form parts of 
typical telephone circuits, an index can be established 
for each of these parts of its effect on the efficiency of 
the circuit for the conditions of which the circuit tested 
is typical. Similarly, the power dissipated in unit 
lengths of the various types of line can be determined 
by noting the change in power output of the receiver 
caused by increasing any line by a unit length. Such 
indices of the transmission efficiencies of the various 
parts of a circuit obviously have many applications in 
designing and engineering telephone circuits. These 
indices could be taken as the ratios expressing the 
change in the output power of the system. This, 
however, has certain disadvantages. For example, the 
combined effect of a number of parts would then be 
expressed as a product of a number of ratios. Like- 
wise, for the case of a number of parts » of the same 
type in series, such as a line n miles in length, the 
effect would be expressed as the ratio for one part or one 
mile of the line, raised to the mth power. In many 
cases, these ratios and the powers to which they 
would need to be raised would be such as to make their 
handling cumbersome. If, however, these indices 
are expressed in terms of a logarithmic function of a 
ratio selected as a unit, the sum of any number of such 
indices for the parts of a circuit is the corresponding 
index for the power ratio giving the effect of the com- 
bination of these parts. 

The “mile of standard cable” is such a logarithmic 
function of a power ratio. The new unit also meets 
this important requirement. 


DEFINITION OF THE TRANSMISSION UNIT 


The “transmission unit” (abbreviated T U) has 
been chosen so that two amounts of power differ by 
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one transmission unit when they are in the ratio of 
101 and any two amounts of power differ by N units 
when they are in the ratio of 10%°”. The number 
of transmission units corresponding to the ratio of any 
two powers P,; and P2, is then the common logarithm 
(logarithm to the base 10) of the ratic P,/P., divided 
by 0.1. This may be written N = 10 logio P:/P:. 
Since N is a logarithmic function of the power ratio, 
any two numbers of units, N; and No», corresponding 
respectively to two ratios, P./P, and P./P.a, may be 
added and the result N, + No, will correspond to the 
product of the ratios, Pa/P» X P./Pa. 

The reasons for the selection of this unit and the 
method of applying it, can probably be best brought 
out by a consideration of the practise which has been 
followed in determining and expressing the efficiencies 
of telephone circuit and apparatus in terms of “miles 
of standard cable.” 


STANDARD REFERENCE CIRCUIT 


Fig. 1 shows what has been designated the “‘standard 
reference circuit.” It consists of two common battery 
telephone sets of the type standard in the Bell System 
at the time this circuit was adopted, connected through 
repeating coils or transformers to a variable length 


Standard Common 
Battery Sub-station 
Set 


Standard Common 


Adjustable length of Standard Cable Battery Substation 
e' 


of “standard cable.’’ This cable is an artificial line 
having a resistance of 88 ohms and a capacity of 
0.054 microfarad per loop mile which is representative 
of the type of telephone cable then generally used 
in this country. 

For a given loudness of speech sounds entering the 
transmitter at one end of the circuit, the loudness of the 
reproduced sounds given out by the receiver at the 
other end can be varied by changing the amount of 
standard cable in the circuit. Also, the amount of 
cable in the circuit can be used to express the ratio of 
the power of the reproduced sounds to that of the 
impressed sounds. Due to the dissipation of electri- 
cal power in the cable, this ratio and consequently the 
loudness of the reproduced sounds become less as the 
amount of cable is increased and greater as the length 
of cable is decreased. 

This circuit then became the measuring or reference 
system for engineering the telephone plant and the 
“mile of standard cable’ became the unit in which the 
measurements were expressed. This circuit was used 
to set the service standards in designing and laying out 
the telephone plant. Thus, the reproduction obtained 
over this circuit with a length of cable of about twenty 
miles was found suitable and practicable for local 
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exchange, that is, intra-city service, and that corre- 
sponding to about thirty miles for toll or intercity 
service. 

Any telephone circuit was rated by its comparison 
with the standard circuit. This comparison was on the 
basis of a speaker talking alternately over the circuit 
to be measured and the standard circuit and a listener 
switching similarly at the receiving ends, the amount of 
cable in the standard circuit being adjusted until the 
listener judged the volume of the sounds reproduced by 
the two systems to be equal. The number of miles of 
cable in the standard circuit was then used as the 
“transmission equivalent” of the. circuit under test. 
The effect of any change in the circuit under test on the 
efficiency of that circuit could then be measured by 
determining the variation in the amount of standard 
cable required to make the sounds reproduced by the 
two systems again equal and the number of miles of 
standard cable required to compensate for this change 
was used as the index of this effect. In this way the 
relative efficiencies of two transmitters or receivers 
could be determined. Likewise, the power dissipation 
per unit length or the attenuation, of the trunk in the 
circuit under test could be equated to miles of standard 
cable. Since in each case, the standard cable is used 
to adjust the volume of the reproduced sound, “‘the 
mile of standard-cable” corresponds to the ratio of two 
amounts of sound power, or as this change in sound 
power is produced by changing the power delivered to 
the telephone receiver, to a ratio of two amounts of 
electrical power. 

If the addition of a mile of standard cable to a long 
trunk of the standard circuit causes the power reaching 
the end of the trunk to decrease by a ratio r, then the 
insertion of two miles will decrease the received power 
by a ratio of r? of that obtained before the two miles 
were inserted. A number of miles of cable, n, inserted 
will reduce the received power toa ratio r”. Thus the 
power ratio corresponding to any given number of 
miles of cable is an exponential function of the ratio 
corresponding to one mile, the exponent being the length 
in miles. The length in miles is, therefore, a logarithmic 
function of the power ratio. 

In an infinite length of uniform line having resistance, 
inductance, capacity and conductance of R, L, C and 
G per unit length, the attenuation a per unit length, 
of a current of frequency f flowing along the line can be 
shown to be equal to the real part of the expression 


atjb=VR+i?rf/L) Gt+PrfO) 
For the standard cable line, since L and G are zero 
a= /nrfRC 
and since R = 88 ohms and C = 0.054 microfarad per 
mile the current attenuation per mile of standard cableis 
a = 0.00386 Vf 

If I,’ and I,’ are the currents, respectively at the 

beginning and end of a mile of line, then 
Lei =e ora: = log, Lal Fat 


506 


Similarly if J; and J. are the currents, at points 
1 and 2, respectively, at the beginning and end of a 
section of L miles 

1,/I, = e and La = log, I,/I2 

For this case, the effect of inserting the section of L 
miles into the line on the current at point 2, or at any 
point beyond 2, is that the currents at the point before 
and after the insertion are in the same ratio as I,/I». 
Furthermore, since the impedance of the line looking 
toward the receiving end is the same at points 1 and 2 
(and at any other points), then the ratio of the powersat 
the two points is equal to the square of the current ratio. 

Thus the power attenuation is represented by 

P,/P2 = (I1/I2)? = e” 

Similarly for a line, terminated in a fixed imped- 
ance which may be different from the characteristic 
impedance of the line, the ratio of the powers 
received before and after a change in the length of the 
line is equal to the square of the ratio of the correspond- 
ing currents. On the basis of this relation, and because 
it is in general more convenient to measure or compute 
currents than’ powers, the current ratio has often been 
used in determining the equivalent of any piece of 
apparatus or line in terms of standard cable. It 
should be noted, however, that such a current ratio can 
be properly used as an index of the transmission effi- 
ciency of a part of a circuit only when it is equal to the 
square root of the ratio of the corresponding powers. 
Also, of course, the voltage ratio can be similarly used 
when it meets the same requirement. 


LIMITATIONS IN USE OF STANDARD CABLE UNIT 


As has been shown above, the attenuation, either 
of current or power, corresponding to the mile of 
standard cable is directly proportional to the square 
root of the frequency of the current under considera- 
tion. This means that the standard cable mile corre- 
sponds not only to a certain volume change in the repro- 
duced speech sounds, but also to a distortion change. 
For comparisons between the standard cable circuit 
and commercial circuits with talking tests and as long 
as most of the commercial circuits had distortion com- 
parable to that of standard cable, this two-fold effect 
of standard cable was desirable. At present, however, 
many types of circuits are being used which have much 
less distortion than standard cable. Also; the use of 
voice testing has been largely given up in the plant and 
it is now the general practise to determine the effi- 
ciency of circuits and apparatus on the basis of measure- 
ments and computations for single-frequency currents, 
a correlation having been established between these 
latter results and those of voice tests. These factors 
have made it desirable to have a unit for expressing 
transmission efficiencies which is distortionless, that is, 
is not a function of frequency. 


QUALIFICATIONS OF A NEW UNIT 


The consideration of a new unit for measuring trans- 
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mission efficiency brought out the following desirable 
qualifications: 

1. Logarithmic in Character. Someofthereasons for 
this have already been discussed. In addition, the 
application of such a unit in measurements of sound 
make a logarithmic unit desirable, since the sensation 
of loudness in the ear is a logarithmic function of the 
energy of the sound. 

2. Distortionless. The advantages of a unit whichis 
independent of frequency have been referred to above. 
In expressing the efficiency of the transmission of the 
high frequencies involved in carrier and radio circuits, 
such a unit is particularly desirable. 

3. Based on Power Ratio. This is desirable because 
the power ratio is the real measure of transmission effi- 
ciency. As pointed out above, the current ratio can be 
used only when it is equal to the square root of the 
power ratio. Having the unit based on a power ratio 
does not, of course, require that measurements or 
computations be made on a power basis. 

In considering the conversions between sound and 
electrical energy, it is obviously advantageous to have 
a unit based directly on a power ratio. 

4. Based on Some Simple Relation. This is desirable 
in connection with the matter of getting a unit which 
may be widely used and may find applications in 
several fields. 

5. Approximately Equal in Effect on Volume to a 
“Mile of Standard Cable.’’ One reason for this is the 
practical one of avoiding material changes in the con- 
ceptions which have been built up regarding the magni- 
tude of such things as transmission service standards. 
Also, the sound power changes which can be detected 
by the ear are of the order of that corresponding to a 
mile of standard cable. In measuring telephone lines 
and apparatus with single-frequency currents, it has 
been found that an accuracy of about one-tenth of a 
mile can be obtained readily and is sufficient practically. 

6. Convenient for Computations. This refers to the 
matter of changing from computed or measured current 
or power ratios to transmission units or vice versa. 


PROPERTIES OF THE TRANSMISSION UNIT 


A consideration of the above qualifications and of 
the various units suggested, led to the adoption of the 
power ratio of 10:' as the most suitable ratio on which 
to base the unit of transmission efficiency. The trans- 
mission unit is logarithmic, distortionless, is based on a 
power ratio and its relation to that ratio is a simple onr. 
Its effect on the transmission of telephonic powee 
corresponding to speech sounds is about 6 per cent less 
than that of one mile of standard cable. Regarding its 
use in computations, it has- the advantage that the 
number of units correspondifig to any power ratio, 
or current ratio, can be determined from a table of 
common logarithms. 


For a power ratio of 2, the logarithm is 0.301 and 
the corresponding number of units is, therefore, this 
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— logarithm multiplied by 10, which is 3.01 TU. Fora 

power ratio of 0.5, the logarithm is 9.699—10 = 

— 0.301 and the number of units is —3.01 T U. 

_ A power ratio of 2 represents a gain of 3.01 units, and a 

power ratio of 0.5 corresponds to a loss of 3.01 units. 
If the above ratios were for current, the logarithms 
would be multiplied by 20. Thus a current ratio of 2 
corresponds to a gain of 6.02 units and a current ratio 
of 0.5 corresponds to a loss of 6.02 units. 

It will be noted that the 7 U is based on the same 
ratio 10:' as the series of preferred numbers which has 
been used in some European countries and has been 
proposed here as the basis for size standardization in 
manufactured articles! In common with this series, 
the TU has the advantage that many of the whole 
numbers of units correspond approximately to easily 
remembered ratios as shown in the following table. 


APPROXIMATE POWER RATIO 


Transmission For Losses For Gains 
Units Fractional Decimal Decimal 

1 4/5 0.8 1225 

2 2/3 0.63 1.6 

3 1/2 0.5 Qs 

4 2/5 0.4 2.0 

5 1/3 0.32 31.2 

6 1/4 0.25 4. 

i 1/5 0.2 3. 

8 1/6 0.16 6. 

9 1/8 0.125 8. 
10 1/10 0.1 10. 
20 1/100 0.01 100 
30 1/1000 0.001 1000 


It will be seen that the ratio for a gain of a given 
number of T U, is the reciprocal of the ratio for a loss 
of the same number of units. Also for an increase of 3 
in the number of units, the loss ratio is approximately 
halved and the gain ratio doubled. If the approximate 
loss ratios corresponding to 1, 2 and 3 units are remem- 
bered, the others can be easily obtained. 

From this consideration of the properties of the 
transmission unit, it is evident that there is much to 
commend its use in telephone transmission work. 
Furthermore, since its advantages are not peculiar to 
this work, such a unit may find applications in other 
fields. It is now being used in some of the work on 
sound. 


NEw TELEPHONE TRANSMISSION REFERENCE SYSTEM 


With the standardization of the distortionless unit 
of transmission it is desirable also to adopt for a trans- 
mission reference system a telephone circuit which will 
be distortionless from sound input to the transmitter 
to sound output from the receiver. This system will 
consist of three elements, a transmitter, a line and a 
receiver. Each will be designed to be practically 
distortionless and the operation of each will be capable 
of being defined in definite physical units so that it can 


1. Size Standardization by Preferred Numbers, C. F. Hirsh- 
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be reproduced from these physical values. Thus the 
transmitter element will be specified in terms of the 
ratio, over the frequency range, of the electrical power 
output to the sound power input, this ratio being 
expressed in transmission units. The receiver element 
will be specified likewise in terms of the ratio of sound 
power output to electrical power input. The output 
impedance of the transmitter and the input impedance 
of the receiver elements will be 600 ohms resistance. 
The line will be distortionless with adjustments cali- 
brated in transmission units and will have a character- 
istic impedance of 600 ohms resistance. 

Such a reference system is now being constructed. 
The transmitter element consists of a condenser type 
transmitter and multi-stage vacuum tube amplifier. 
The receiver element consists of an amplifier and 
specially damped receiver. Each element is adjusted 
to give only negligible distortion over the frequency 
range. 

It is proposed when this system is completed and 
adjusted that it will be adopted as the Transmission 
Reference System for telephone transmission work. 
Other secondary reference systems, employing com- 
mercial-type apparatus will be calibrated in terms of 
the primary system and used for field or laboratory 
tests when such commercial type systems are needed. 


HIGH-VOLTAGE UNDERGROUND CABLE 


A new high voltage underground cable, carrying 50 
per cent higher voltage than has hitherto been possible 
in this country, and twice as much power as any pre- 
vious underground cable, was recently placed in opera- 
tion in Cleveland. The cable, carrying 66,000 volts, now 
forms part of the transmission lines of the Cleveland 
Illuminating Company, a subsidiary of the North 
American Company. 

Necessity for the construction of this high tension 
superpower cable arose from the need to supply power 
to interior territory in Ohio, Pennsylvania and West 
Virginia, where water for power plants is not available. 
Involved in the group connected by this project are 
eleven power companies. 

As its share in the project, the Cleveland Company 
had to tie into the overhead high-tension lines of the 
Northern Ohio Traction Company, 20 miles from the 
Cleveland generating station, More than eight miles 
of this distance are in the thickly populated residential 
and business sections of the city. Overhead lines 
being out of the question, the engineers finally decided 
to adopt a 66,000 volt cable and a subway was accord- 
ingly built across the city with manholes placed at 
about’400-foot intervals. 

About 200,000 feet of this cable was used. An 
interesting feature of the installation was the testing of 
the finished line of cable at 152,000 volts, direct current, 
one of the recently developed kenotron cable-testing 
equipments being used. 


Present Practise in the Automatic Operation 


of Hydroelectric Generating Stations 
| BY R. J. WENSLEY 
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Review of the Subject.—Present practise in the design of 
automatic hydroelectric generating stations is reviewed. Various 
methods of starting and controlling are listed together with their 
limitations. Certain points in dispute, such as the W R? required 
for speed regulation and brakes for bearing protection are presented 


HE advantages to be gained by the automatic 

operation of hydroelectric generating units are 

fnow so well known that their recapitulation is 
unnecessary at this time. It is the’ purpose of this 
paper to present a brief but comprehensive outline 
of present day practise as applied to such units. 


HYDRAULIC DEVELOPMENT 


The elimination of the cost of manual operation 
makes possible a much different treatment of many 
hydraulic developments. As the cost of the hydraulic 
development is usually a large item in the total cost 
of the water power station, this item should be con- 
sidered carefully in the light of possible savings incident 
to the employment of automatic control. By splitting 
up the total available head into two or more smaller 
heads, a considerable saving in the purchase of flowage 
rights is possible. Against this must be balanced the 
higher cost of wheel and generator per kilowatt. As 
the cost of the actual dam rises rapidly with increasing 
height there is some saving in this item. A careful 
balance of the cost items entering into construction 
of any given development should always be made to 
see that no further economies are possible before any 
given distribution of the available head is finally 
adopted. Careful consideration will many times enable 
the production of kilowatt hours at a lower figure than 
possible with the old method of maximum head for a 
few plants. The modern method involves the use of 
many small units with lower heads for each and with 
automatic control. 


TYPES OF WHEELS 


Most of the automatic water power stations that 
have been supplied have been of the low head variety, 
the working heads varying from a minimum of 9 ft. 
to 75{t. They are the reaction or Francis type and 
the propeller type, of which the Nagler is a good 
example. The latter is noted especially for the high 
specific speeds possible on very low heads witha conse- 
quent economy in generator cost. However, efficiencies 
of the two wheels at the average loads expected should 
be carefully compared, as a reduction of a few kilowatt 
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in the hope that discussion will aid in clarifying the situation to 
such a degree as to permit of standardization of practise. A brief 
description of the sequence of operations in a modern automatic 
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hours in the station output will soon nullify any saving 
in the first cost. As the efficiency curves for the two 
types are not of similar shapes for varying combinations 
of head and size, no general rule can be adopted. A 
careful analysis of each project should be made before 
a definite type of wheel is selected. 

The foregoing remarks apply to vertical wheels which 
are almost universally used for low heads. There are 
a few engineers who yet cling to the horizontal reaction 
wheel. Correct application of this type of wheel to 
low head installations are rare. Efficiencies equivalent 
to those obtainable with the vertical type are difficult 
to secure. Construction of the building and penstock 
will be more expensive while the generator will cost 
somewhat less. 

For small units and high heads the impulse wheel is 
used exclusively. It is customary to build the genera- 
tor with extra large bearings and mount the runner 
outboard on the generator shaft. 


OPERATION WITH RESPECT TO REMAINING SYSTEM 


There are several possible methods of operation and 
control, the selection of any specific type depending 
upon the conditions of the system. The more usual 
methods are listed below. 

(a) Fixed gate opening. 

(b) Regulation of load with respect to head of water 

available. 

(c) Regulation of speed by centrifugal governor. 

Form (a) is used where a relatively small unit is 
closely tied to a large system which can absorb all the 
power generated at all times and which has other units 
under control of speed governors. Two forms of auto- 
matic water control are available. The head gates 
or the wicket gates may be opened wide by an electric 
motor supplied with energy from a control transformer 
or from the station battery if there be such. An oil 
pressure device may be used with a construction similar 


. to the speed governor but without a centrifugal element. 


A small solenoid valve admits oil to the servo-motor 
and causes the wicket gates to open, a float switch is 
used to start the wheel when excess water is available and 
to stop it when the forebay is lowered to the desired 
limit. No intermediate steps are possible. 

Form (b) is used where surplus water is used from a 
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source in which a specified head must be maintained 
at all times. If oil-operated gates are used, a float 
switch is caused to actuate a pilot valve, which in turn 
actuates the servo-motor in such a manner as to draw 
a predetermined amount of water for a given head. 
If electrically operated gates are used, the float switch 
is caused to actuate a pilot valve, which in turn 
actuates the servo-motor in such a manner as to draw 
a predetermined amount of water for a given head. 
If electrically operated gates are used, the float switch 
actuates a contact device, which in turn energizes 
the motor on the gates to increase or decrease their 
opening. An anti-hunting device is mechanically 
connected to the gate mechanism and the contact 
device. 

Method (c) is that most widely used and is to be 
recommended for most applications. Units equipped 
with speed governors may be safely operated on any 
size or type of system. Water-level control may be 
added to the speed control if desired. Most modern 
governors consist of an oil pressure tank, a centrifugal 
device, a valve mechanism and a servo-motor or oil 
cylinder for the actual mechanical operation of the 
wicket gates. Past practise has been to drive the 
centrifugal element from the main generator shaft by a 
belt. This drive is’ rapidly being replaced by one 
employing a small synchronous motor energized from 
potential transformers connected to the generator. 
If belt drive is used in an automatic station, an auto- 
matic trip should be connected to the idler pulley so 
that breakage of the belt will take the unit out of 
service. Inan automatic station where a self synchron- 
izing generator is used, the synchronous driving motor 
is not energized until after the oil switch is closed. 
There may be some overspeeding as a result of such 
operation, but as the modern wheel and generator are 
built to stand the maximum speed obtainable with 
gates open wide and no load on the generator, no 
trouble need be anticipated from such excess speed. 

Oil pressure for the operation of the governor is 
obtained from a pump and stored in a closed reservoir 
against air pressure. The pump may be belt-driven 
from the generator shaft or motor-driven by a polyphase 
a-c. motor supplied from transformers connected to 
the a-c. bus. The latter method is much to be pre- 
ferred. Ifa station battery be available an emergency 
pump may be operated with a d-c. motor. It is cus- 
tomary to provide an oil pressure relay set to cut off 
the station while there is yet sufficient oil pressure in the 
reservoir to close the gates. 

The governor is equipped with one or more control 
solenoids which operate small auxiliary oil valves, which 
in turn open the main valves to the servo-motor. In 
one form of governor there is but one solenoid which 
opens the governor wide, but under the retarding 
influence of a dash pot. With the control methods in 
general use there is some overspeeding until the 
generator is connected to the line, as the synchronous 
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motor driving the centrifugal element is not energized 
until that time. A second form uses one solenoid to 
open the gates just enough to accelerate the wheel 
to synchronous speed, the second solenoid being ener- 
gized after the generator is connected to the line. This 
second solenoid causes the governor to open wide but 
under control of the speed governor, which is now opera- 
tive because the synchronous driving motor is energized. 
Both forms of control keep the solenoids energized 
throughout the period of operation. To stop the wheel 
the solenoid circuit is opened. The gates immediately 
close and the wheel stops. 

As the gate movement is necessarily slow and the 
response of the wheel to the governor is therefore slow, 
a certain amount of flywheel effect is necessary to 
stabilize the generator during rapid changes in load. 
The importance of this effect is greatly over-estimated 
as a large system is a very effective flywheel in itself. 
The amount of inertia required is expressed by the well- 
known formula WR?. The amount required is speci- 
fied by the waterwheel manufacturer, but supplied by 
the generator builder either in the form of additional 
weight in the rotor or by the use of a separate flywheel. 
Since the wheel builder is not penalized by his inertia 
requirements he usually specifies rather more than 
less than enough. Much money is wasted in following 
these excessive requirements. Engineers with small 
hydro projects to execute would do well to investigate 
the available flywheel effect of their systems before 
purchasing a lot of useless cast iron attached to their 
generators. 

BRAKES 


There is some dispute regarding the necessity for 
automatically-operated brakes to stop the wheel when 
rubbish or erosion causes enough leakage to operate 
the wheel at low speeds. If the thrust bearing operates 
at low speeds it will not carry enough oil between the 
bearing surfaces to maintain separation. If the wheel 
continues to rotate, the bearing will be destroyed. 
Some engineers insist that brakes be applied to defi- 
nitely stop rotation when the gates are closed. Other 
engineers maintain that when only enough water is 
passed to rotate the wheel slowly with oil between 
the surfaces, there will be an enormous increase in 
friction when the oil film is squeezed out. Such 
increased friction will result in stoppage of the wheel 
before damage is done. Since a difference of opinion 
exists, it is suggested that this point be stressed in 
discussion so that the practise regarding the application 
of brakes may be standardized. 

Where brakes are used, they may be operated by oil 
pressure from the governor reservoir or by a separate 
source of air pressure. While the amount of oil re- 
quired is not large, this item should not be overlooked 
when purchasing the governor. Oil pressure may be 
applied through the medium of magnet valves or 
through valves mechanically actuated by the movement 
of the water-wheel gates. Air pressure may be applied 
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through magnet valves of the kind developed for 
electro-pneumatic railway control. 

Brakes of the oil pressure variety seem slightly less 
objectionable than the air-operated type because of the 
necessity of an automatically operated compressor for 
the latter. As any automatic station is improved by 
simplification, it would be highly desirable to eliminate 
automatically controlled brakes, if the designers of 
thrust bearings could agree to this as standard practise. 
Hand-operated brakes should be furnished for holding 
the wheel when the unit is being cleaned or repaired, 
if no automatic brakes are used. 


BEARING LUBRICATION AND PROTECTION 


The usual circulating oil system with self-contained 
pump, driven from the generator shaft, is customarily 
used in automatic stations for lubrication of the 
thrust and guide bearings. No automatic devices 
have been worked out for the lubrication of the wicket 
bearings, although some inexpensive simple system 
would seem warranted. Even the present grease-cup 
method is not entirely adequate because there is 
usually no method of insuring equal distribution of 
grease between the upper and lower wicket bearings. 
This is a problem the waterwheel manufacturers should 
take steps to solve. 

Thermostat protection should always be provided 
for all main bearings. The guide bearings of vertical 
machines and the main bearings of horizontal machines 
should have the active element in actual contact with 
the babbit. In the horizontal type this contact should 
always be established at the center of the bottom of the 
bearing, as this is the point of greatest pressure and 
consequent heating. The thrust-bearings of vertical 
machines are customarily operated under oil. The 
temperature of the oil is therefore a good clue to that 
of the bearing. The active element of the thermostat 
is immersed in the oil near the thrust surfaces. Most 
of the thermal devices used for bearing protection are 
of the vapor-expansion type, which insures ample 
energy for operation of contacts. These devices are 
made suitable for the bearing to be protected and are 
not provided with adjustments for changing the 
temperature at which operation of the contacts is 
effected. 


GENERATOR CHARACTERISTICS AND EQUIPMENT 


The generators used in modern unattended stations 
should be of the self-synchronizing type. To prevent 
disturbance to the system at time of connection to the 
line, these generators should have as high a reactance 
as is feasible, to limit the rush ot current when the 
oil breaker is closed. Heavy damper windings are 
necessary to quickly pull the generator in step with the 
line. These generators are usually accelerated to 
approximate synchronous speed and then connected 
to the line before excitation is applied. Immediately 
after the closing of the breaker, the field switch is closed. 
The normal time element introduced by the high in- 
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ductance of the field winding is sufficient to prevent 
excessive mechanical stresses in the windings. 
Generators for unattended stations with automatic 


control should always be equipped with direct con- 


nected exciters. There are a few exceptions to this 
rule, such as excitation drawn from d-c. lighting net 
work or from an excitation bus in an adjoining station. 
Belted exciters should be avoided even though the re- 
duction in price makes this type apparently desir- 
able. Troubles may be expected with the belt and with 
the idler pulley. 

Two forms of speed relays are used for indicating 
approximation to synchronous speed. A centrifugal 
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Fie. 1—Smatt Automatic Hypropiecrric GENERATING 
STATION WITH VERTICAL SELF-SYNCHRONIZING GENERATOR. 
THIS is A TyprcaL INSTALLATION 


switch may be attached to the end of the generator 
shaft or a specially designed magneto generator may 
be geared to the shaft, its voltage, as indicated by a 
relay, constituting the desired indication. 

A second element in the centrifugal switch or a second 
voltage relay on the magneto is used to indicate exces- 
sive speed. 

FUNCTIONS OF CONTROL EQUIPMENT 

The initial starting indication for the automatic 
control may be obtained in any one of several ways. 
The following list covers the majority of the methods 
which have been used or discussed. 

(A) Water level. 

(B) System frequency. 

(C) Remote control by pilot wire. 


(D) Supervisory control over the telephone circuit. 
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(E) Manual operation of control switch in station. 

(F) Control by manipulation of the a-c. line. 

(G) Control by time switch. 

Combinations of one or more of the above have been 
used in several installations. Where the station is 
controlled entirely by (A) the indication is obtained 
from a float switch which makes contact when the water 
in the forebay rises above a predetermined point. 
Some small systems are using the method (B) to call 
additional capacity into service when the drop in system 
frequency indicates an overload on the generating 
equipment in service. This method has a very limited 
application to systems fed principally from small water 
plants. If any steam turbine stations are used, the 
overload capacity of the turbine will maintain the 
normal frequency and defeat the purpose of the auto- 
matic station. If several automatic stations are used 
on the same system with this form of control, there is 
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Fig. 2—Contacr Device witH ELECTRICALLY OPERATED 
Anai-HuNntTING MECHANISM FOR AUTOMATIC CoNntTROL OF WATER 
LEVEL IN Forespay. TuHIs DEVICE Is Locatrrep Asour 2000 Fr. 
FROM’ THE STATION IT CONTROLS WHICH Contains A 1000- 
Kv-a. GENERATOR AND IMPULSE WHEEL OPERATION ON 450- 
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no suitable method of selection, therefore several 
stations may be called into service when only one is 
wanted. If differential timing is attempted, the time 
required to start the last stations is prohibitive since 
it must exceed all the time required for the first stations 
to start and connect to the line. 

Method (C) is suitable where the distance to an 
adjoining station with manual operation is not exces- 
sive. Method (D) is being used to a large extent in the 
stations being installed at the present time. There 
are several types of equipment available at a wide 
rangein price. By the use of some of these it is possible 
to control the starting and stopping of the unit, the 
load, the voltage, and the outgoing feeders. The same 
equipment enables the distant operator to ascertain 
the available head of water, the gate opening, the load 
in kilowatts, the condition of the feeders and any other 
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indications that may be desired. All these functions 
may be obtained with the various forms of equipment 
over circuits of from two to four wires, which wires 
may be used for magneto or local battery telephones. 
None of these systems will work on the same circuit 
with common battery telephones. 

Where natural conditions and the size of the plant 
warrant the expense, it is customary to have one 
resident maintenance man who starts and stops the 
station with a control-switch method (EF) as instructed 
by the load dispatcher. This man is not expected 
to remain in the station but is subject to call by the 
dispatcher whenever required. A siren on the station 
roof is frequently used for this purpose. 

Method (F) is occasionally employed where the 
automatic station is. on an independent line which 
may be switched from another station. The station 
is started by closing the oil switch on the line in the 
manual station. An a-c. voltage relay then causes 
the unit to be started. Upon opening the oil switch 
the machine will be tripped by overspeed, due to the 
sudden reduction in load, or by a contact on the 
waterwheel gate which is closed in the no-load position, 
which position the governor will promptly cause the 
gates to assume, if the overspeed trip does not have a 
chance to operate. 

Method (G) may be employed where hydroelectric 
units are used to supply energy to industrial plants 
having fixed working hours or to switch on additional 
capacity in advance of known periods of peak load. 

In addition to the automatic means described above, 
there are two methods of partial automatic starting, 
one by means of a multi-wire control and actual syn- 
chronizing by hand, the other by actual hand starting 
with protective features so that the station may be 
permitted to operate without an attendant. 

Current for the operation may be drawn from a trans- 
former connected to the a-c. line or from a small storage 
battery maintained in a charged condition by automatic 
devices with current from the exciter. If the first 
method is used, the unit cannot be put into service 
unless the line voltage is above 80 per cent normal. 
If the second method is used, the unit may be put into 
service regardless of the line condition. 


SEQUENCE OF OPERATIONS 


The usual sequence of operations after the initial 
starting signal is given by any one of the automatic 
indications is mentioned below. 

(1) The master relay is energized. 

At this time the exciter-field rheostat is short-cir- 
cuited to aid the exciter to build up to normal voltage as 
rapidly as possible. The generator-field contactor is 
in the de-energized position, its back contact shorting 
the field through a discharge resistance. 

(2) The governor solenoid is energized. 

The gates are thus caused to open and the unit 
accelerates. The exciter builds up rapidly. 
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(3) At an approximation of synchronous speed the 
speed-indicating device closes the control for the oil 
switch. The closing energy for this switch is obtained 
from the exciter. If the voltage has not built up to the 
minimum operating point for the breaker, there will 
be a slight delay in closing until the voltage does reach 
this point. 

(4) The oil switch closes, connecting the unexcited 
generator to the a-c. line. The short circuit is also 
removed from the exciter field rheostat. The circuit 
of the field-switch operating coil is energized. 

(5) The field switch closes, connecting full excitation 
to the generator field. The generator pulls into step 
with the line and as the gates continue to open, picks 
up its load. 

The normal sequence of operations provides for the 
shutting down of the unit without disturbance by first 
de-energizing the governor solenoid to close the gates 
and then tripping the oil breaker with a contact on the 
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gate mechanism at the position corresponding to no 
load. The field switch is then opened and the brakes, 
if any, are applied. 


REGULATION OF VOLTAGE 


There are several methods of operation with regard 
to voltage control. Those in general use are as follows: 

(1) Fixed excitation. This is only applicable where 
the automatic unit is electrically close to a regulated 
generator and where it carries a considerable proportion 
of its full load at all times. 

(2) Regulation by the standard vibrating regulator. 

(3) Regulation by a contact-making voltmeter and 
an ordinary motor-operated field rheostat in the 
generator circuit. 

(4) Regulation by 
regulator. 

With any one of the three types of regulation it is 
necessary that some form of wattless compensation 
be employed, so that the automatic unit will not carry 
an undue share of the wattless load of the system. 


the 


high-speed _rheostatic 
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PROTECTIVE FEATURES 


As the automatic stations must operate under all 
conditions without human attention, it is necessary 
that the generator be protected against almost every 
imaginable operating contingency. It is manifestly 
impossible to anticipate all forms of trouble and it is 
manifestly impracticable for financial reasons to furnish 
protective devices for the extremely remote contingen- 
cies; therefore it is customary to disregard those 
troubles which require the coincidence of two or more 
improbable events to damage the machine. 

All larger generators are equipped with balanced 
relay protection to open the breaker and field switch 
should there be an insulation failure. The cost of this 
protection is considerable and an arbitrary lower limit 
of 500 kv-a. has been set, below which it is not cus- 
tomary to furnish such protection. 

Two thermal relays are connected in the secondary 
circuits of the current transformers to measure the 
heating effect of the output of the generator. Should 
the safe limit of heating be approached, these relays 
will shut down the unit until cooled down, after which 


‘restarting is permitted. 


Field failure is caught by a relay in series with the 
generator field with a time element sufficient to bridge 
over any ordinary surge. 

Short circuits external to the station are caught by 
two different means. The first employs the usual 
overload relays and shuts down the unit until the rise 
in a-c. line voltage, fed from other stations, indicates 
that the trouble has been remedied. The second 
method uses the line voltage as an indication of trouble 
and allows the machine to deliver as much current as 
it is able, until the reduction in voltage operates a 
line voltage relay or until a thermal relay operates. 
The machine is reconnected on rise in line voltage as in 
the first case. 

It is advisable to provide protective devices against 
excessive rise in either exciter or generator voltage. 
Relays which form a crude vibrating regulator insert 
large amounts of resistance in the exciter field under 
either of such emergencies. 

Any high-tension equipment should be located out- 
side the building. The high-tension construction 
should be as simple as possible, without any high- 
tension circuit breaker if the unit be under 500 kv-a. 
The arrester should be of the non-fluid type which 
require no charging or attention. A separate set of 
disconnecting switches should be provided for the 
arresters. 

SPECIAL FORMS OF CONTROL 


When a generator forms too great a percentage of the 
total generation to permit of self-synchronizing, or if 
the generator be difficult or expensive to equip with 
damper windings, an automatic speed matcher and 
synchronizer is available. The speed matcher consists 
of two small synchronous motors, one for the machine 
and one for the bus. These are connected to a me- 
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chanical differential, which in turn is connected to con- 
tacts which control the speed-adjusting motor on the 
waterwheel governor. Any difference in speed of the 
two motors results in a movement of the differential 
and consequent operation of the adjusting motor. 
The speed of the wheel is thus adjusted as though in an 
ordinary manual station. The automatic synchronizer 
awaits the first favorable point and closes the breaker. 
The governor is then opened wide to pick up the load. 
It is also possible to ease the shock of self synchroniz- 
ing by the use of current-limiting reactors which are 
connected between the machine and the bus until syn- 
chronous operation is attained. The reactors are then 
shorted by a second breaker. The same result may be 
obtained if step-up transformers are used for the output 
by synchronizing with a low voltage tap, after which the 
generator is transferred to full voltage just as a tap- 
started synchronous motor is controlled. 

High head plants offer additional problems in control, 
as the velocity of the water is so great that it must be 
handled with great care. Load control is usually had 
by opening or closing the needle valve with a motor. 
The deflector which is used for speed control should be 
interconnected with the needle-valve control so that 
there will be no unnecessary waste of water off the 
deflector. Thus if the wheel is carrying 90 per cent 
load and system conditions cause the wheel to drop to 
70 per cent load, the deflector will be wasting 20 per 
cent of the water. The automatic control should 
promptly close the needle valve sufficiently so that this 
20 per cent of water may be saved. Hydraulic engi- 
neers will doubtless question the accuracy of these 
figures but the percentages are intended only for 
illustration. 

In order that the small automatic generating sta- 
tions may prove to be a financial success, it is obvious 
that construction costs must be minimized. Past 
manual practise in building design and equipment 
should be forgotten. It should be remembered that 
extreme simplicity of construction, small units located 
at frequent intervals and entire absence of emergency 
switching or reserve capacity in any one station, will 
deliver more kilowatt hours at less expense than a few 
large units with expensive hydraulic development, 
elaborate emergency equipment and fine buildings. 


ELECTRICAL STRUCTURE OF MATTER 


All men deal with matter in the gross and our bodies 
are of it constructed. Mysteries of matter, therefore, 
have a fascination for thoughtful laymen, as well as 
scientists and technologists. The atom has long been 


familiar as the ultimate unit of matter. 


Our whole conception of the atom was revolutionized 
by the study of radioactivity. The discovery of radium 
provided the experimenter with powerful sources of 
radiation specially suitable for examining the nature of 
the characteristic radiations emitted by the radioactive 
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bodies in general. The wonderful succession of changes 
that occur in uranium, more than thirty in number, was 
soon disclosed. 

It was early surmised that electricity was atomic 
in nature. This view was confirmed and extended 
by a study of the charges of electricity carried by 
electrons. Skillful experiments by physicists added 
to the knowledge of the subject. One of the main 
difficulties has been the uncertainty as to the relative 
part played by positive and negative electricity in the 


- structure of the atom. The electron has a negative 


charge of one fundamental unit, while the charged 
hydrogen atom has a charge of one positive unit. There 
is the strongest evidence that the atoms of matter are 
built up of these two electrical units. 

It may be of interest to try to visualize the con- 
ception of the atom we have so far reached by taking 
for illustration the heaviest atom, uranium. At the 
center of the atom is a minute nucleus surrounded by 
a swirling group of 92 electrons, all in motion in definite 
orbits, and occupying but by no means filling a volume 
very large compared with that of the nucleus. Some 
of the electrons describe nearly circular orbits round 
the nucleus; others, orbits of a more elliptical shape 
whose axes rotate rapidly round the nucleus. The 
motion of the electrons in the different groups is not 
necessarily confined to a definite region of the atom, 
but the electrons of one group may penetrate deeply 
into the region mainly occupied by another group, thus 
giving a type of inter-connection or coupling between 
the various groups. The maximum speed of any elec- 
tron depends on the closeness of the approach to the 
nucleus, but the outermost electron will have a mini- 
mum speed of more than 600 miles per second, while 
the innermost K electrons have an average speed of 
more than 90,000 miles per second, or half the speed of 
light. 

The nucleus atom has often been likened to a solar 
system where the sun corresponds to the nucleus and 
the planets to the electrons. The analogy, however, 
must not be pressed too far. Suppose, for example, we 
imagined that some large and swift celestial visitor 
traverses and escapes from our solar system without 
any catastrophe to itself or the planets. There will 
inevitably result permanent changes in the lengths of 
the month and year, and our system will never return 
to its original state. Contrast this with the effect of 
shooting an electron through the electronic structure 
of the atom. The motion of many of the electrons 
will be disturbed by its passage, and in special cases an 
electron may be removed from its orbit and hurled out 
of its atomic system. Ina short time another electron 
will fall into the vacant place from one of the outer 
groups, and this vacant place in turn will be filled up, 
and so on until the atom is again reorganized. In all 
cases the final state of the electronic system is the same 
as in the beginning. Sir Ernest Rutherford in “‘Re- 
search Narratives.” 
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URING the past year the Niagara Falls Power 

Company has put into service the first unit of 

an extension which will contain the three largest 
water. wheels and generators at present in the world, 
each generator having a maximum rating of 65,000 
ky-a. at 12,000 volts and 25 cycles. 

The limited width of the right-of-way from generating 
station, actually only the space over an existing intake 
canal, necessitated stepping up to 66,000 volts to 
transmit 195,000 kv-a. from the complete extension. 

Transformers were therefore installed on an extension 
of the forebay wall. These are single-phase oil-im- 
mersed water-cooled 22,000-kv-a. connected delta on 
the 12,000-volt side and in Y on the 39,500-volt side to 
give 68,500 Y. 

The principal interest in these transformers is, of 
course, in their large size and in the construction used 
to obtain high efficiency. The only single-phase trans- 
formers which exceed these in output are some 60- 
cycle 23,600 kv-a. units of the Duquesne Light & 
Power Co., Pittsburg, but since the Niagara transform- 
ers are 25 cycles, the parts, if used for a 60-cycle 
design, would give far greater output than any existing 
transformers. 

In these transformers it was desired to obtain the 
maximum efficiency at 7% full load, at which point 
the transformers would probably be loaded most of 
the time, as it corresponded to maximum water-wheel 
efficiency. 

With the maximum permissible magnetic density in 
present day silicon steel, to keep the magnetizing cur- 
rent and core temperature within reasonable limits, 
the loss at 25 cycles in the steel is about 1 watt per 
pound, while the loss in the copper in the winding is 
from 8 to 16 watts per pound. To obtain highest 
efficiency at 7 load it was necessary to use fewer 
turns and a correspondingly greater core section than 
would ordinarily be used and this accounts for the 
type of core construction used, 7. e., with the winding 
on the central leg of the core. 

To meet certain specified conditions of line regulation, 
it was necessary that the product of per cent magnetiz- 
ing current and impedance should not exceed a certain 
constant value. This naturally resulted in a design 
being used giving the minimum effective area of the 
leakage flux path between high-tension and low-tension 
windings. The spacing between high tension and low 
tension windings is ordinarily that required for insula- 
ting these windings from one another, and this distance 


Presented at the Spring Convention of the A. I. E. E., 
Birmingham, Ala., April 7-11, 1924. 


and a fractional part of the coils themselves constitute 


the effective width of the leakage flux path. The © 


magneto mechanical forces between high-tension and 
low-tension windings in 25-cycle transformers are 
usually higher than for higher frequencies. A design 
having a very large core area and flux and minimum 
area of leakage flux path would therefore be subject 
to higher magneto mechanical forces, both at normal 
load and under short-circuit conditions. 


This can readily be understood when we consider that 
the mechanical force varies as the square of the leakage 
flux density between high-tension and low-tension wind- 
ings and that with concentric windings the area of the 
leakage flux path varies as the diameter, whereas the 
area of the core varies as the square of its diameter, 
and that under short circuit conditions with sustained 
voltage the whole of the flux ordinarily in the core must 
pass between the high-tension and low-tension windings. 
The magneto mechanical forces would, therefore, vary 
approximately as the square of the core diameter. 

The type of construction used is that known as the 
concentric circular coil type, in which the low-voltage 
winding consists of a single circular helix, adjacent to 
the central core member, and the high-voltage winding 
a series of circular disc coils arranged in cylindrical 
assembly outside of and concentric with the low- 
voltage winding. 

In this type of winding the principal magneto me- 
chanical forces between high-tension and low-tension 
windings are radial. The circular coil is self-sustaining 
against such forces, provided their value is not sufficient 
to exceed the elastic limit of the copper or insulation 
in tension or compression. If these values are not 
exceeded, it is only the unbalanced forces, due to the 
coils being assembled with the magnetic centers not 
co-incident, that must be considered seriously, as the 
coils are not self-sustaining against such axial forces. 

The usual method is to provide bracing against the 
axial force, calculated by assuming certain definite 
but very conservative axial displacement of the coils 
to allow for variations in assembly and to add to this 
any displacement caused by taps which are taken off 
center. 

To reduce the axial short-circuit forces as much as 
possible, the tap coils were so connected that an equal 
number of turns were tapped out each side of the center 
of the coil stack as shown in Fig. 1. Thus, the forces 
could only be those due to variations in assembly, which 
are quite small. The design calculations were based 
on an arbitrary displacement much greater than would 
be expected in practise. 
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Due to the self sustaining feature of circular coils 
against radial forces and the easy provision of bracing 
against axial forces, the circular-coil type of transformer 
can be readily designed to resist short circuit forces in 
all directions. In this it differs from types of trans- 
formers with non-circular coils, in which the coils tend 
to assume a circular shape during short circuits and 
which are difficult to brace against such coil distortion. 
In fact, this problem is so difficult that the forces, due 
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to dissymmetry of the coils or variations in assembly, 
are usually neglected and no adequate bracing used 
to prevent distortion of this kind. 

Each bank of three transformers is connected directly 
to-one generator, so that for short circuits on the high- 
voltage side the generator reactance would be effective 
in limiting the short-circuit current to a lower value 
than that which would flow, if the transformer reactance 
alone were the limiting feature. In case of a short 
circuit on the low-voltage side, which is rather a remote 
possibility, power would be fed back from the rest of 
the system and the short-circuit current would be 
higher. To sustain the voltage under a short circuit 
would require a power flow of 66,000 kv-a. through one 
transformer bank having 10 per cent reactance. 

The present system is not large enough to cause this 
power flow, as the voltage would fall and the short- 
circuit power flow be less. Conditions are, however, 
changing rapidly, power systems growing and it is not 
good engineering to consider existing conditions as 
giving the limiting conditions to be met in the expected 
life of the transformer. No allowance therefore was 
made for any external reactance in the short-circuit 
calculation, the transformer being designed to with- 
stand short circuit with fully sustained voltage. 

In building transformers to stand short circuits, it is 
essential to consider the tremendous vibration of the 
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coils set up by the magneto mechanical forces, espe- 
cially at 25 cycles. Tests made at Schenectady on the 
special short-circuit generator have shown the absolute 
necessity of designing the coil bracing, particularly 
the coil spacers, so that they will not fall out of place 
and thus out of alignment with each other. 

A description of the spacing arrangements may there- 
fore be of interest. The essentials of coil bracing are: 

1. To support every turn at such intervals that the 
short-circuit forces will not exceed the tension of com- 
pression limits on the conductor and insulation. 

2. To support the turns in such a manner that a 
minimum amount of conductor is covered in the direc- 
tion of heat flow, otherwise, the conductor covered by 
the spacers may heat up so much that the insulation 
may be damaged or the tensile strength decreased long 
before the conductors exposed to the cooling medium 
reach such limits. 

3. To lock every spacer in place securely against 
movement by vibration. 

4. To arrange the spacers so that they are easily 
inspected during and after the coils are assembled. 


Fig. 2 


The coil spacers in these circular coil transformers 
and in others, built by the same manufacturer, are 
arranged radially across the face of the disc coils and 
the turns of the helical coils. This provides support 
for all conductors at approximately equal intervals. 

Since the spacers are relatively narrow, two in. 
(5 cm.) wide as a maximum, the maximum distance of 
heat flow from that part of the conductor, covered 
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by a spacer to the cooling oil, is one inch. This 
precludes a great difference of temperature between 
the part of the conductors covered by the spacers and 
that exposed to the oil. 

The spacers between turns on the low voltage helical 
coil are radial. They are dovetailed onto spacers 
arranged axially inside the coil, which are mounted 
on the insulating cylinder between coil and core on 
which the coil is wound. The axial spacers provide 
a definite oil duct in a vertical direction inside the coil. 

The radial spacers project out beyond the turns and 
are covered and held in alignment by channel pieces 
extending axially the complete length of the coil. 
The spacer extension, beyond the coil and the covering 
channels, provides an oil duct outside the coil. 

The insulating cylinder between high voltage and 
low voltage is slipped over the projecting spacers and 
their channel pieces. 

The high-voltage coil spacers are also arranged radi- 
ally. Each one consists of a hair-pin type spacer 


placed around each coil with the open ends projecting 
outside the coil. It is formed of a number of parts all 
locked together, with the base serving to space the coil 
from the cylinder over which it is assembled. 

The spacing of coils from cylinders is such as to 
provide the necessary extension of insulating dia- 
phragms, placed between each coil to prevent creepage 
between adjacent coils. 

The number of radial spacers in high and low-voltage 
coils is proportioned to the short-circuit stresses and 
the strength of the conductors and insulation. 

The bracing against axial short-circuit forces of the 
low-voltage coil consists of a complete ring of bakelized 
insulating material of the same diameter as the coil, 
which abuts against the structural steel end clamps 
at each core yoke. 

For the high-voltage coil stack similar rings are‘used, 
but in this case fibrous material is not solely depended 
upon. Engaging with the bakelized end rings at each 
end of the coil stack are square porcelain blocks, one 
for each line of spacers. These blocks have holes 
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through them to contain a porcelain locking-pin, which 
enters the bakelized ring and into bakelized segments, 
placed between the porcelain blocks and the metal 
clamps. Adjustment of the clamps is provided by 
sliding one angle member on the other parts of the 
clamps, the pressure being maintained by adjustable 
studs on each clamp and tie rods between the top and 
bottom clamps. Adjustment in the core window is 
by means of a bakelized wedge. 

The practise is followed in these transformers of bolt- 
ing the core laminations together rigidly with re-enforc- 
ing plates on the outside of the built-up core leg and 
punching a large square notch at the end of each outer 
core leg. This notch holds an insulated square bolt 
which engages with the clamps and thus the core 
serves also as a tie rod to withstand a part of the short- 
circuit stresses. 


INSULATION 


In such moderate-voltage transformers the problem 
of insulating between winding or to ground is not at all 
difficult. The concentric-winding transformer, of 
course, lends itself to simplicity of insulation more 
than any other type. The insulation consists of 
cylinders of paper, treated with gums and rolled under 
pressure and at high temperature, forming a dense 
tough material which has high mechanical strength 
and a very high dielectric strength, both hot and cold. 
These cylinders are arranged with suitable oil spaces to 
form the complete insulation from low voltage to core 
and from high to low voltage. The insulation of the 
high-voltage coil stack to the outer core legs consists 
of sheet insulation with oil spaces. The insulation 
from the ends of the coil stack has been described under 
the bracing for short circuit forces. 

To reduce the potential gradient on the end high- 
voltage coil an electrostatic shield, connected to the 
line terminal of the end, is used between this coil and 
the core yoke. This shield and the end coil are taped 
to reduce the potential gradient on the oil surface and 
to reduce the danger from creepage to the core. 

The insulation on the high-voltage conductors con- 
sists of a number of thin treated-paper tapes, having 
extremely high dielectric strength, and it is graded 
at the end coils so that the end coil will withstand line 
voltage between turns momentarily. This is for 
protection against transient voltages. The electro- 
static shield connected to the line terminal modifies 
the distribution of transient voltages in the coil stack 
and reduces the concentration of voltage on the end 
coil to from one-quarter to one-third the value it might 
otherwise attain under conditions of impact of an almost 
vertically-fronted wave at the transformer terminals. 

The electrostatic shields consist of metallic ribbons of 
high-resistance, wound on an insulating form of 
slightly less radial width than the adjacent coil. They 
are taped to give the same insulated radial width. 
The method of winding is non-inductive to the flow 


of the capacitance charging current. High-resistance 
material is used to avoid appreciable eddy-current 
loss in the shields, due to the high density of the 
leakage flux between windings. _ 

Between each high-voltage coil is a pressboard 

diaphragm with an oil space between it and the coils, 
as protection against transient voltages. The oil 
spaces alone are much more than necessary to with- 
stand the normal voltage existing between coils, due 
pene large number of coils and the few turns in each 
coil. 
The pressboard diaphragm is used instead of merely 
increasing the oil space, due to the greater energy 
required to puncture such solid insulation or the time 
lag of the insulation against puncture by transient 
voltages. 

The taping on electrostatic shield and line coils is 
additional protection against breakdown between them 
or the adjacent coils, due to high transient voltages, 
in addition to the heavier turn insulation on end coils. 

The dielectric strength for one minute at normal 
frequency is equal to approximately line voltage 
between coils. Under transient stress it is much higher. 
Between end coils, due to the extra taping, it is much 
higher yet. . 

In the low-voltage helical winding the insulation 
on the conductors is principally to prevent eddy cur- 
rents between the strands in parallel. The oil space 
between each turn serves, of course, as a cooling duct 
and for insulation between turns. 


CooLING ARRANGEMENTS 


Special care was used in designing the core to arrange 
that all surfaces were exposed to the cooling oil. The 
central core leg is divided into two distinct flux paths 
with a large duct between them, in addition to which, 
there are a number of cooling ducts distributed through- 
out the laminations. The clamps are separated from 
the core by large ducts to allow the cooling oil access 
to all surfaces of the core yokes. 

The oil for cooling the low-voltage coil is free to pass 
through these ducts between clamps and core yoke 
and to pass between the porcelain blocks used to sup- 
port the high-voltage winding. 

The high-voltage winding is exposed directly to the 
oil in the tank. All coils have an oil duct on both sides 
and the inside edge. To provide uniform distribution 
between conductors in parallel, the position of these 
conductors is transposed. The arrangement of the tap 
coils in the high-voltage winding is such that this 
transposition is effective in them. 

Due to the large number of conductors in parallel 
in the low-voltage winding and to the space taken up 
by the transpositions, it is not possible to obtain perfect 
equalization of current in all the strands in parallel. 
This fact is recognized and the average temperature 
rise of the low-voltage coil, as measured by resistance, 
is made lower than that of the high-voltage coil so that 
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no strands will exceed the guaranteed temperature 
rise. 

The high-voltage windings were designed to give 
full kv-a. capacity continuously at any voltage from 
36,000/62,300 Y to 39,500/68,500 Y, without exceed- 
ing the guaranteed temperature rise of 55 deg. cent. 
The rated high-voltage current was thus 611 amperes. 
The low-voltage winding was designed to carry a 
current corresponding to 611 amperes on the high 
voltage on any high voltage connection up to 37,600/ 
65,120. Its rated current was therefore 1915 amperes. 
At 37,600/65,120 Y-volts the transformer kv-a. rating 
is therefore really 23,000 kv-a. The transformers are 
also designed to withstand 13,200 volts impressed 
on the 12,000-volt winding at full load. 

Since the dielectric strength of fibrous insulation 


Fig. 4 


decreases with increasing temperature, and it is desired 
to obtain the maximum dielectric strength between 
end turns and coils, it is essential that these end coils 
do not attain a higher temperature than the remainder 
of the windings. 

The cross section of the conductors in the more 
heavily insulated end coils of the high-voltage winding 
is much greater than that used in the remainder of the 
winding, to allow for the increased thermal drop through 
the extra insulation. Actually the end coils are cooler 
than the remaining coils. 

The temperature rises of a large number of points 
in the coil, core and clamping structure were calculated 
and these calculations checked during test by insertion 
of thermo couples, wherever possible. These tests 
demonstrated that this type of design is very satis- 
factory for very large transformers from a thermal 
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standpoint, as well as from a consideration of ability 
to resist short circuit stresses and to give great insula- 
tion strength. 

It was mentioned in the early part of this paper that 
the design was required to give high efficiency at 7% 
full load. Actually, the efficiency at 34 and % load 
was found to be slightly higher, as the loss per pound 
in the core was appreciably lower than the calculated 
value. 

The efficiencies at various loads, based on losses 
measured by wattmeter at 75 deg. cent. are as follows: 


NaouldkoyNely Seay ae Goer nn CR eal 
ZO aR oRyels So. Oe bts ob be ron OO Whess} 
3) aes 5 ee ee OOM 
LZR Se < ... 99.09 
IAT es PO SAOU 


The average magnetizing current at normal voltage 
is 2.59 per cent. 

The high-voltage taps are connected to a ratio 
adjuster, operated from an operating handle through an 
oil tight stuffing box on the cover. 

An interesting fact about the construction is the 
almost complete use of rolled steel. The tank is of 
cylindrical shape, of steel plate with welded seams with 
a flat bottom welded in place. It rests upon a struc- 
tural steel truck with wheels, so that it can be rolled 
on a standard-gage track. The cast-steel wheels 
and the manhole covers are the only castings of ferrous 
metal. The tank cover is a pressed steel plate, with 
flanges for mounting of bushings, etc., extruded from 
it. 

A cylindrical oil-conservator tank is supported from 
the tank cover by steel angle supports. The pressure- 
relief pipe is of welded steel construction and carries 
a relief diaphragm of glass at its upper end, designed 
to rupture if the presure in the tank reaches 10 lb. per 
square inch. 

The dimensions and weights of the transformers are 
as follows: 


Heightiover Bushines:s.0.25 eee 20 ft. 15/16 in. 
Height over Oil Conservator...... 16 ft. 11 5/8 in. 
Heishpover COVED anne Loita velo ns 

Inside Diameter of Tank........ 


.120 in. 
Floor Space over Fittings........12 ft. 10 1/4 in. by 11 ft. 
GallonsohOilecee es oes oe OO le 
Weight Complete, less Oil......... 117,800 lb. 


Weight of Core and Coils, ete., to be 


Littedidnomel amiken wees ee 99,000 lb. 
NVieicitol Olle Nemeereeree . 41,200 lb. 
Complete Weight Oil filled........159,000 Ib. 


For the control of circuits of moderate rating, a 
new automatic time switch has recently been introduced. 
The principal feature of the new device is the adoption 
of a Warren synchronous motor in place of the conven 
tional spring-driven clock commonly employed in other 
types. The new switch is for use only on alternating 
current circuits where the frequency is properly regu- 
lated. 
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ELECTRIC VS. STEAM-DRIVEN 
AUXILIARIES FOR SHIPBOARD 
COMPARATIVE COSTS OF OPERATION 

An article by Mr. A. H. Jansson in the Marine Re- 
view for April 1924 gives some very interesting data as 
to the comparative costs of operation of a motorship 
and a turbine driven vessel of practically the same ton- 
nage and characteristics. 

The final summary shows the anticipated cost of 
operation of both ships for the same service results in 
an annual cost of operation for the steam driven vessel 
of $103,920 as against $40,780 a reduction of about 
sixty per cent in favor of the motorship. 

A principal item of saving is from the more economical 
operation of the electrically driven auxiliaries of the 
motorship as compared with the steam driven auxiliaries 
on the turbine vessel, the saving being pronounced in 
the cost of fuel supplied in port, representing a reduction 
of over fifteen thousand dollars per annum. 

A similar saving may be generally expected by the 
substitution of electrical auxiliaries for the existing 
steam driven units on shipboard. 


DIESEL-ELECTRIC DRIVE FOR GREAT 
LAKES DREDGE 


The first commercial, privately owned Diesel-electric 
hopper dredge will be put into operation on the Great 
Lakes by the Construction Materials Company of 
Chicago during the present year. Orders have been 
placed for complete electrical equipment to be in- 
stalled in the LAKE WEIR, which will be converted for 
this purpose. 

The propulsion equipment consists of two 600-brake- 
horse power Diesel engines, each direct-connected to a 
400-kw. main generator and a 35-kw. auxiliary genera- 
tor. Under normal operating conditions each main 
generator will drive a 500-h. p. motor direct-connected 
to a propellor, the craft being of a twin-screw type. 
Ward Leonard control will be used, providing inde- 
pendent control of each propelling motor and arranged 
for operation from either the pilot house or engine room. 
Provision will also be made for operating both propel- 
ling motors from one generator. 

One auxiliary generator will furnish excitation for 
the motors and generators and the other will be used for 
furnishing power for driving the engine room auxiliary 
motors, steering gear and lighting. All the auxiliaries 
will be electrically driven. 

In addition to the propelling equipment, there will 
be provided two 400-h. p. motor-driven dredging 
pumps. The power for these will be taken from either 
or both of the main generators. Under one condition 
of operation, both dredging pumps will be driven from 
one generator, the other generator furnishing power for 
propulsion. Under another condition of operation, 
When no propulsion is required, each dredging pump 
will be connected to a main generator and will operate 
independently. 


———— 
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Recent Developments in Hydroelectric 
7 Equipment 


BY WILLIAM MONROE WHITE 


: Member, A. I. E. E. 
Mer. and Chief Engr. Hydraulic Dept., Allis-Chalmers Mfg. Co., Milwaukee, Wis. 


UR times in this century have often been referred 
to as the Age of Power. The interest now shown 
in hydroelectric developments almost justifies 

aes renaming the present age “The Hydroelectric 
ge.” 

Remarkable industrial growth has occurred in 
several sections of our country which have had avail- 
able cheap hydroelectric power. 

The Alabama Power Co., conceived by broad-minded 
men and nurtured by far-seeing capitalists, is seeking 
to serve the people of the state of Alabama and ad- 
jacent sections, and to provide the very sinews by 
which the energetic and forehanded business men, with- 
in the range of its spreading transmission lines, may 
develop and establish businesses and industries which 
will mean prosperity and better living conditions for 
all. One unit in this great plan of development has 
recently been placed in regular operation at Mitchell 
Dam on the Coosa River. For one who is familiar 
with the hydroelectric developments of North America 
and who has an appreciation for the genius of those 
who conceive and build such properties, it is inspiring 
to stand upon the wooded hills, overlooking the site 
of Mitchell Dam, and to view the manner in which men 
have fashioned a mountain of concrete between abut- 
ting hills, in combination with foundations, waterways, 
backwater suppressors, superstructure and buildings 
for housing the hydroelectric machinery, and yet all 


so devised within the narrow limits of the river’s chan- 
nel at this point, so that no serious obstacle is inter- 
posed to the passing of floods which frequently deluge 
the basin drained by the Coosa River. 

The main purpose of this paper is to present to 
the engineers some facts relating to recent develop- 
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ments in hydroelectric machinery, such as that installed 
at the power house at Mitchell Dam for economically 
producing power from falling water. There are in- 
stalled and now in operation at Mitchell Dam three 
waterwheels designed and built by the Allis-Chalmers 
Mfg. Co. of Milwaukee, Wisconsin, each of a capacity 
of 24,000 horse power when operating under a head 
of 70 ft., and running at a speed of 100 rev. per min. 


Fie. 2—Iron Runner—Wereut 105,000 Ls. ALABAMA PowER 
Co. Mrrcnett Dam PROJECT 


Each of these units is installed in a structure located 
on the upstream side of the dam, fashioned with water- 
ways of ample capacity, leading to and from the tur- 
bine and with walls that support the superstructure. 
The waterwheels must be located near the level of the 
tailwater. The generator and electrical equipment are 
desirably located above the elevation of high water 
upstream from the dam. This necessitates a con- 
siderable distance between the waterwheel and the 
generator. Notwithstanding this unusual requirement, 
wheels of normal rational design have been incor- 
porated in the plant each having a single runner of 
cast iron, 130 in. in diameter weighing 100,000 Ib. 
This runner is shown in Fig. 2. Fig. 38 shows the shop 
assembly of the cast iron speed ring and movable cast 
steel guide vanes for one of the units. Each unit is 
equipped with outside operating mechanism controlled 
by cylinders located at the bottom of the pit, and oper- 
ated by governor actuators located on the generator 
floor. 

The main shaft, 25 in. in diameter of forged steel 
hollow bored, is divided into three lengths and has a 
total length of 80 ft. The governor flyballs are direct- 
connected to this shaft and control the governor actua- 
tor by means of a connecting rod. Each governor 
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actuator is supplied with oil by a rotary gear pump 
with a capacity of 150 gal. per min. at 150 lb. pressure. 

The turbine pit can be reached either by an elevator 
or by a stairway. The elevator is located between the 
turbines in a vertical shaft which opens into a hori- 
zontal tunnel connecting the three turbine pits. 

The Thurlow backwater suppressor! installed for the 
first time, utilizes flood water to increase the head on 
the turbines. The units have been thoroughly tried 


Fig. 3—Concrete Sprrat Casep TURBINES 


out and the backwater suppressor greatly exceeded 
expectations. Another feature is the outdoor gantry 
crane and the sliding roof of the power house covering 
the generators. Two of the units are equipped with 
the White hydraucone and one with a flattened elbow 
draft tube. The hydraucone is a concentric form of 
draft tube which changes the direction of flow of water 
discharged from the runner in a very short length of 
tube and at the same time regains energy by changing 
velocity head into pressure head, with very small 
losses, due to the fact that it is formed to correspond 
to the natural shape of a jet of water striking a flat 
plate or a cone. The engineers of the Alabama Power 
Company were instrumental in having a large number 
of comparative draft tube tests made, the report of 
which was read at the January A. S. C. E. Meeting. 
It is interesting to note that these tests made by dis- 
interested engineers showed the superiority of the 
hydraucone type of tube over the elbow type. The 
writer has advocated this design since 1916. 

Recently the first of three 70,000-horse power hydro- 

1. J. A. Sirnit’s Paper on ‘Hydroelectric Power Plant De- 
sign” in A. S. M. BE. Transactions, 1922, Vol. 44. 


electric units was placed in operation at the plant of the 
Niagara Falls Power Company on the American side 
at Niagara Falls, New York. It is estimated that the 
operation of this one unit will release for other duties 
approximately 1500 men daily, who heretofore had 
been engaged in mining, hoisting, loading, hauling, 
switching and firing coal under boilers in order to 
develop this same amount of energy. Fig. 4 shows a 
sectional view of the 70,000-horse power combined 
hydroelectric unit which the Allis-Chalmers Mfg. 
Company now has under construction for the Niagara 
Falls Power Company for Station No. 3-C. Two of 
these turbines are of the Wm. Cramp & Sons manufac- 
ture, two of the generators are of the General Electric 
manufacture and the third complete unit, turbine, 
governor and generator is of the Allis-Chalmers manu- 
facture. Probably a brief description of these, the 
largest power-producing units in the world, will further 
serve to give a general idea of the present day trend in 
the field of hydroelectric development, 

The water for these units is conducted from the fore- 
bay at the top of the cliff through butterfly valves 
connected to concrete lined tunnels driven through the 
solid rock. At the lower end, a plate steel section of 
penstock is imbedded in the tunnel and 21-ft. 6-in.- 


Fig. 4—LarGrst 
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diameter Johnson type valves are used for shutting off 
the water from the turbines. The casings on two of 
the turbines are of cast steel made in sections and 
bolted together. The third unit is of the circular- 
section plate-steel type riveted to a cast steel speed 
ring made in sections. The turbines operate under 
213 ft. effective head at 107 rev. per min. 

All three units will be equipped with the concentric 
type of draft tube regainer of the hydraucone or Moody 
spreading type. The principal features of the Allis- 
Chalmers hydraulic turbine are a cast steel runner 
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made in one piece approximately 180 in. in diameter, 
weighing about 100,000 Ib.; a main shaft 34 in. in 
diameter of forged steel, hollow bored, provided with 


_ forged ‘flanges on both the upper and lower end, the 


runner being bolted to the lower flange with steel- 
fitted bolts and a main turbine guide bearing of the 
adjustable, lignum-vitae type, lubricated with water 
drawn from a settling reservoir at the top of the cliff. 
The guide bearing is built with four adjustable shoes 
so that they may be taken up in any direction to com- 
pensate for wear. The guide vanes are of cast steel 
with upper and lower stems cast integral. The upper 
stems extend through bronze bushings in the cover 
plate where they are connected to the shifting ring by 
means of levers and breaking links. These breaking 
links are so designed that they will give way either in 
tension or compression when some obstruction pre- 
vents the opening or closing of the guide vanes. 


Fig. 5—BurTerRFLY VALVE. ASSEMBLY OF Hovsina WICKET 
AND OPERATING SHAFT 


The generators are rated 65,000 kv-a., 18,200-volts, 
25-cycle. The rotors are of cast steel built up in 
sections with pole pieces bolted to the rim. An 
auxiliary generator of 650-kw. capacity is mounted 
within the generator just above the main rotor. This 
is to provide current for the auxiliary apparatus such 
as oil pumps, motor-generator sets, cranes, lights, ete. 
The entire rotating weight of over 700,000 Ib. is carried 
on the Kingsbury thrust bearing. The exterior design 
of all three generators is practically identical in order 
to preserve uniformity, although the design of the coils 
and winding is made independently by the engineers 
of the General Electric Company and the Allis- 
Chalmers Mfg. Company. 

At the upper end of the penstock, instead of the 
customary type of square head gate, three 23 ft. 6 in.- 
diameter butterfly valves are used to shut off the water. 
They have cast iron housings made in sections and cast 
steel and plate steel wickets turning on forged steel 
pivots. The axes of the butterfly valves are set verti- 
cally, the operating mechanism being located on the 
deck above the water level. These valves, which 


WHITE: RECEN'T DEVELOPMENTS IN HYDROELECTRIC EQUIPMENT 521 


establish a new record for size, are to operate under a 
head of about 50 ft. Figs. 5-6 show different views of 
the valves being assembled in the shops of the Allis- 
Chalmers Mfg. Company. 

The largest single contract ever placed for hydraulic 
machinery is that recently placed by the Quebec 


Fig. 6—ButTrerrty VALVE HovusineG 


Development Company covering eight complete 45,000- 
horse power turbines to operate under 110 ft. head, at 
1121 rev. per min., to be installed near Lake St. John 
in the Province of Quebec, on the Saguenay River, 
about 125 miles due North of the City of Quebec. 
The major parts of four additional units are also being 
installed so that the final power house will consist 
of 12 units of a total capacity of 500,000 horse power. 
These units will be of the plate-steel spiral-cased type. 
Fig. 7 shows a view of the first one of the 12 gigantic 
casings being erected in the Toronto shops of the 
Canadian Allis-Chalmers Limited. The inlet diameter 
is 20 ft. The plate thickness is 7 in. at the inlet 


Fic. 7—PiaTE STEEL CIRCULAR Section SPIRAL CASING. 
One or TwELvE 40,000 H. P. Stncun-RuNNER VERTICAL SHAFT 
TURBINES FOR QUEBEC DEVELOPMENT Co.; lurp: 


tapering down to 14 in. at the smaller end of the casing. 

The past year has seen advances not only in the 
larger sized hydroelectric units, but even the 200 and 
300-horse power open-flume turbines have been im- 
proved because of the knowledge gained in construct- 
ing larger units. The high-speed Nagler type of runner 
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is being adopted almost universally, improvements in 
efficiency having been obtained which make it com- 
pare very favorably in that regard with the slower-speed 
Francis type of runner which it replaces. This, when 
taken in combination with the improved efficiency of 
the higher-speed generator at lower cost gives it a 
distinct advantage. Because of its higher speed, the 
energy remaining in the water discharged from these 
runners represents a large percentage of the total. 
For this reason the design of the draft-tube regainer 
must be considered carefully. Many tests have been 
conducted to determine the type of draft tube that 
will give the best performance with these runners. 
Frequently the available space, especially in recon- 
struction projects, is very limited,- but wherever 
conditions allow, we find that the most efficient results 
are obtained with the concentric or hydraucone type of 
regainer. Fig. 8 shows a number of high-speed runners 
being manufactured in the shops of the Allis-Chalmers 
Company at one time during the past year. 

The plate-steel built-up guide vanes used with these 


Fig. S—Naguer HicH-Speep RUNNER OF VARIOUS SizEs, TYPES 
AND CHARACTERISTICS FOR Low Heap D&rVELOPMENTS 


high-speed runners have been found to be a distinct 
improvement. In several cases sticks or pulp wood 
have become lodged between the vanes distorting 
the plates considerably. If the old type of cast iron 
vanes had been used they would have been broken, 
but with the plate steel construction it was only neces- 
sary to remove the damaged vanes and straighten them. 

The design of the concrete spiral-casing type of 
machine has received its share of attention and much 
time and thought have been expended in improving 
and simplifying their construction. The writer is in 
favor of placing the nose of the casing even with, or 
down stream from, the centerline at the side of the 
unit. This shortens the path of the water, enables the 
units to be placed closer together and provides addi- 
tional thickness in the separating walls between the 
units where it is most needed. Great care must be 
exercised in constructing the concrete spiral casing 
and a large amount of reinforcing steel must be used to 
properly strengthen it, especially above 60 ft. head. 
For this reason the writer has long recommended the 
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use of the plate-steel spiral casing for heads as low as 
50 ft. For normal settings very little more steel is 
required to build the spiral casing than is used for the 
reinforcing of the concrete spirals. It can be readily 
put together in the field and mass concrete poured 
around it, doing away entirely with the complicated 
wooden forms which must be built by expert carpenter 
or pattern makers. Since the plate steel casings are 
entirely self-supporting, they may be left practically 
uncovered. They may be set one almost touching the 
other, thus decreasing the power house length and 
doing away with the heavy concrete dividing wall 
which is necessary with the concrete spiral setting to 
obtain sufficient strength in case one unit is drained 
while an adjacent one is in operation. Our Company 
has constructed plate steel spiral casings for heads as 
low as 30 ft., and probably established a record for high- 
head plate-steel spirals during the last year in those 
built for the New England Power Company, Davis 
Bridge Plant, developing 19,500 horse power each 
under 345 ft. head. : 

A striking example of the use of the plate-steel 
spiral casing for medium heads is the 20,000-horse 
power unit for the West Kootenay Power and Light 
Company to operate under 70 ft. head. In this case, 
the saving by shortening the distance between the 
centerline of units, thus decreasing the amount of 
excavation in the solid rock required for the power house 
practically paid for the additional cost of the plate steel 
casing, not taking into account the saving in reinforcing 
steel and labor in building the forms and constructing 
the concrete casing. 

In the high-head field, undoubtedly, a new record 
has been established in using a Francis type of tur- 
bine for 850 ft. head, these being the Oak Grove tur- 
bines of the Portland Railway, Light & Power Com- 
pany now being constructed by the Pelton Company, 
where they will use the Moody type of draft tube and 
rubber sealing rings on the runner and guide vanes. 

Impulse turbines have apparently established no new 
records during the past season, although an additional 
30,000-horse power turbine, recently designed and con- 
structed by the Allis-Chalmers Mfg. Company is now 
being installed in the Caribou Plant of the Great 
Western Power Company. This is the world’s record 
both for horse power and size of machine, for this type 
of unit. Experiments conducted in the hydraulic 
laboratory of our Company upon several different 
designs of buckets and impulse wheel settings, have 
proven conclusively that the efficiency of a well- 
designed impulse unit compares very favorably with 
that of the best type of Francis wheel and even sur- 
passes it at part gate. 


GOVERNORS 


No radical changes have been made in the funda- 
mental features of hydraulic turbine governors during 
the last ten years, although many improvements have 
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been made with the view of simplifying and making 
this equipment more reliable. The governor equip- 
ment for the 70,000-horse power Niagara Falls turbine 
is similar to that used with the 87,500-horse power 
units installed in 1919. The flyballs are mounted 
directly on the main shaft and their motion is trans- 


“mitted to the governor stand located on the upper 


generator floor. A large number of plants have been 
placed in operation, using a motor to drive the flyballs, 
thus doing away with jack shafts and belts. Fairly 
satisfactory results have been obtained, although there 
is always danger of losing the driving current in case of 
trouble with the generator, in which case the turbine 
gates will open wide instead of closing. To eliminate 
this danger a small independent generator mounted on 
the waterwheel shaft driving only the flyball motor 
would be ideal, but the cost makes it prohibitive for 
general use. 

In the large power systems existing at the present 
time, the instantaneous load fluctuations reach such a 
small per cent of the total output of the system, that 
there is little actual work for a governor. Their 
existence is only justified as a safety device, for in case 
of electrical trouble they will shut the machine down 
quickly. An interesting development has been the 
installation of several hydroelectric units not equipped 
with governors. The generators and oiling systems 
were designed to withstand prolonged runaway, the 
units delivering current into a fairly large power system, 
and regulation being provided by the governor- 
equipped units in other stations on the system. Suffi- 
cient leeway is maintained in the governor-equipped 
station to pick up any rapid increase in load, slow 
fluctuations being controlled by manual adjustment 
of the units not equipped with governors. The three 
5500-horse power, 65-ft. head, vertical units of the 
Brown Company at Berlin, New Hampshire, are the 
best examples of a complete installation without 
governors. 

AUTOMATIC EQUIPMENT 


Automatic-control equipment for hydroelectric in- 
stallation has drawn more and more attention during 
the past few years. We give below the principal 
functions which the various types of automatic equip- 
ment furnished with our governors perform. 


EMERGENCY STOP DEVICE 

This is a safety feature which is being used on nearly 
all of the large installations and enables the operator 
at the switchboard to shut the turbine gates and stop 
the machine quickly without requiring the assistance 
of the second or third operator. This is accomplished 
by closing a switch on the switchboard, energizing a 
solenoid mounted on the governor stand, which imme- 
diately causes the pilot valve to be lifted into the 
closed position and held there, thus bringing the turbine 
gates to the full closed position in the minimum time 
allowable. This emergency stop device may also 
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be connected to temperature indicators in the turbine 
or generator bearings, or generator windings, to over- 
load or differential relays, or any other recording or 
indicating device used to indicate abnormal conditions. 


REMOTE-CONTROL EQUIPMENT 


This equipment is designed to be used with large- 
units where it is especially desirable to have the ma~ 
chine under the direct control of the switchboard 
operator, even during starting up and stopping, in- 
stead of having the second operator start the machine 
and bring it up to speed by hand as is the common 
custom. By means of the electrically operated syn- 
chronizing device and remote-control load-limiting 
device the switchboard operator may open the gates 
slowly and bring the unit up to speed from dead stop, 
indicatng instruments on the switchboard showing him 
at all times the exact position of the turbine gates and 
the load-limit setting. With this equipment it is not 
necessary for the second attendant to touch the governor 
and the unit may be separated from the line, shut down 
completely and the brakes applied by the switchboard 
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Fic. 9—GENERAL SCHEME OF COMPLETE AUTOMATIC REMOTE 
ContTROL SYSTEM 


operator. This same equipment may be used for 
controlling a distant unit from another station, al- 
though it will require more connecting wires between 
the two stations than with the full automatic control 
equipment. 

FULL AUTOMATIC CONTROL 


The most general type of automatic remote control 
is illustrated by the chart shown in Fig. 9. The 
features which are present at the master station are 
shown at the left of the sheet. They consist of the 
control switches by which operations are performed at 
the automatic station, indicating instruments which 
show conditions existing at the automatic station, and 
a, selector mechanism by which these various functions 
ean occur without an excessive number of pilot wires 
between stations. Pilot wires connect the two stations. 

The right half of the diagram shows the equipment at 
the automatic station. Two types of operations are 
controlled by the selector. The upper part of the 
diagram shows those required to control and protect 
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the unit. The lower part shows the measuring devices 
which work in conjunction with the indicating instru- 
ments at the master station. 

In any system power is required at the automatic 
station before it can be started, so that either the in- 
coming lines must be energized or a storage battery 
provided. 


OPERATION 


Consider the method by which the system operates. 
To start, the selector at the master station is set by 
hand or by float to the start position and the starting 
switch closed. In response, the starting relay at the 
automatic station picks up. If the protective devices 
indicate that the machine is in running condition, the 
turbine starts and the alternator is then synchronized 
and connected to the line. The time required for 
starting is one or two minutes. 


Fre. 10—Srcrionan View or Hyproexectric Unit, SHOWING 
BurrerFLY VALVE, Pressure Rea@uLatTor, HypRAUCONE AND 
INTEGRAL Typr Gov ERNOR 


If desired, equipment may be furnished for adjusting 
the turbine gates by means of the load-limiting device 
arranged for remote control. The usual indicating 
instruments are for head and gate opening but others 
may be added if desirable. 


POWER HOUSES 


For the larger type of vertical hydroelectric unit, the 
one-floor station shown in Fig. 10 seems ideal. The 
butterfly valve with sealing rings shuts off the water 
at the inlet of the casing. A governor-actuated pres- 
sure regulator prevents excessive pressure rises, due 
to the use of a long penstock. The plate-steel spiral 
casing is riveted to a cast-steel speed ring. The 
governor is of the integral type with the flyball 
mounted directly on the main shaft and the governor 
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stand located on one of the regulating cylinders, thus 
doing away with long runs of piping. The generator is 
supported on a concrete barrel and there is only one 
floor in the power house, so that one attendant may 
watch both the electrical and governor equipment. 
The unit is equipped with the White hydraucone, which 
type of draft tube has become very popular in the 
last five years. 

From 1911 to 1916 we made a large number of 


experiments on various types of draft tubes, partic- 


ularly the hydraucone with runners covering a wide 
range of specific speeds. Between the years 1913 and 
1918 we were developing and improving the Nagler 
high-speed runner. The insistent demand at that time 
for higher speeds under low heads was responsible for 
the rapid advances made in its design. Following this, 
we made simplifications and improvements in control 
equipment, including direct-connected flyballs, inte- 
grals governors, remote control for butterfly and gate 
valves, and sealing rings to prevent leakage through 
butterfly valves. 

Recently we have been directing our attention to 
power house arrangement. The increasing size of 
units, and the high cost of trained operators have greatly 
influenced the modern power house design. Every 
power house arrangement is studied with a view to 
greater accessibility, increased convenience and the 
least number of operators. Thus it is necessary to 
make many changes but with each change are embodied 
a greater simplicity and sturdiness of design. 

Hydroelectric power is the most important source of 
energy this country has at the present time, so let us 
give to its proper development the time and thought 
which it deserves. 


POWER DEVELOPMENT AT 
CAMERON’S FALLS 

In December 1920 and March 1921 there were placed 
in service at Cameron’s Falls on the Nipigon River two 
10,600-kv-a. 12,000-volt vertical generators driven by 
water turbines rated at 12,500 h.p. at 72 ft. head. 
The voltage was stepped up to 110 ky. by three 8000- 
kv-a. transformers and energy transmitted approxi- 
mately 80 miles to Port Arthur where the voltage was 
changed to 22 kv. by means of three 4000-kv-a. trans- 
formers. In 1921 energy was delivered at 110 kv. to 
a paper mill at Nipigon about 12 miles from the 
generating station. 

Installation is now in progress for two more turbo- 
generator units at Cameron’s Falls with a second bank 
of 8000-kv-a. transformers, a second line to Port 
Arthur, a second bank of 4000-kv-a. transformers there, 
and a 110-kv. line to Fort William to supply energy to 
another paper company. 

Estimates have been made for units 5 and 6 and itis 
expected that the construction work for these units will 
be proceeded with as soon as the work is completed for 
units 3 and 4. 
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: Review of the Subject.—Conductivity determinations of 

insulating materials, and therefore the determinations of the leakage 

resistance of a cable, condenser or similar structure, have always 

ieee more or less unsatisfactory, due to a phenomenon often called 
soaking in of the charges.”’ 

I n general, if a constant direct voltage is impressed wpon a cir- 
cuit, in the first moment large transient currents flow, representing 
the energy storage and adjustment in the magnetic and dielectric 
fields of the circuit. These transient currents however vanish very 
quickly, usually in a very small fraction of a second, and all the 
currents in the circuit or circuits then become constant. If a con- 
stant direct voltage is impressed upon acable or similar structure, large 
transient currents also flow momentarily; but after these currents 
of energy adjustment in the electromagnetic field of the system 
have vanished, usually after a small fraction of a second, the re- 
maining current is not constant, as in the usual electric circuit, but 
continues to decrease slowly, for minutes or even hours. If then the 
cable is discharged by short-circuiting it, after the large initial 
transient discharge current has passed and the véltage on the cable 
has become zero—in a small fraction of a second—the current 
coming out of the cable does not entirely vanish, but a small discharge 
current continues to flow for many minutes or even hours. Or, if 
the cable has been discharged by short-circuiting it for a short time, 
until its terminal voltage has become zero, and the short circwit is 
taken off, a terminal voltage and an electrostatic charge gradually 
build up again at the cable, reach a maximum after some minutes, 
and then gradually decrease again. 

Various explanations have been proposed of this phenomenon 
as a hysteresis effect of the dielectric, etc. 

It is shown in the following, that this phenomenon of the “soaking 
in of the charges” or the “electrification of the cable” is a true electric 
circuit transient, has nothing to do with hysteresis effects, but is the 
result of, and explained by the energy adjustment of a system with 
constant values of resistance, inductance and capacity, that is, is in 
no essential different from the usual rapid starting or stopping 
transient of the ordinary circuit, except that it is many thousands 
of times slower. This great slowness is due to the fact that the 
reststance in the transient circuit is the leakage resistance of the 
cable dielectric, and therefore extremely high, measured not in ohms 
but in hundreds of megohms. 

If the dielectric of the cable consists of two or more materials, 
having different resistivities, or different specific capacities, or both, 
then the distribution of voltage through the dielectric gradually 
changes. At the moment of voltage application, the voltage distrib- 
utes between the component dielectrics in proportion to their specific 
capacities; gradually however this voltage distribution changes to a 
distribution proportional to the resistivities of the component 
dielectrics, and electrostatic charges build up in the interior of the 
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dielectric, at the boundaries between the component dielectrics. The 
electric quantity has to be conducted through the dielectric, and due 
to the very high resistivity of the dielectric, this energy readjustment 
within the dielectric occurs with extreme slowness, giving a transient 
of a duration of many minutes, but a true electric transient neverthe- 
less, like the usual transients of a duration of milliseconds. 

In the discharge of the cable, the reverse occurs, and the internal 
charges gradually disappear by conduction through the dielectric. 

This phenomenon is discussed in its various aspects, and the 
equations of the slow transient derived, in the following: 

It is shown that this slow transient always is impulsive or ex- 
ponential, and consists of (n—1) terms, if the insulation is composed 
of n materials. 

A number of conclusions are derived, some of which may be 
pertinent with regard to the mechanism of breakdown of insulation. 

By this slow transient, the energy stored in the cable as condenser 
increases. Its apparent capacity increases. The conduction 
current, and therefore the i? r losses in the dielectric, are much 
larger with alternating than with direct voltage. The distribution 
of dielectric stress between the component dielectrics changes and 
this may give a different dielectric strength for alternating voltage— 
at which the initial condition of stress distributions is permanent— 
and for direct voltage. Also, a time lag of insulation breakdown may 
result, which is not a temperature or deterioration effect. Under 
certain conditions, there may occur a negative time lag, that is, a 
condition where the insulation stands higher voltages when slowly 
and continuously applied than when rapidly applied for a short 
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I. Physical Consideration 


1. CABLE CHARGE 
F an ideal condenser, that is, a condenser having 


; 1 ; 
constant capacity, C = a? and no losses, 1s con- 


nected to a source of alternating voltage, @, over a 
circuit of constant resistance, 1o, and constant induct- 
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ance, L», it takes a charging current, which leads the 
terminal voltage by 90 degrees. This charging current 
does not pass through or into the dielectric of the con- 
denser, but is limited to its terminals. It is preceded 
by a transient immediately after closing the circuit. 
This charging transient is oscillatory, if the circuit 
resistance 7) is below, and is impulsive, if the circuit 
; é Ape Niege Be 
resistance is above the critical value 2 \ "lke 


J 


This 


transient charging current usually is much larger than 
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the permanent alternating charging current, and 
usually vanishes in a small fraction of a second. 

If the impressed voltage is continuous, the same 
starting transient occurs, but with its disappearance, 
after a fraction of a second, the current at the condenser 
terminals vanishes and the condenser acts as an open 
circuit on the continuous supply voltage, if the resist- 
ance of the dielectric of the condenser is really infinite. 

If however the dielectric of the condenser has a finite, 
though very high, resistance r, at continuous impressed 
voltage e, the starting transient dies down not to zero, 


but to a finite limiting current 7) = = ; With an 
alternating impressed voltage, the charging current 
then does not lead the terminal voltage by exactly 90 
degrees, but slightly less, and therefore contains an 
energy component of current 7)’. This energy current, 
though small compared with the total charging current, 
usually is larger than the conduction current 7) which 
passes through the dielectric with a continuous voltage, 
as it represents not only the conduction through the 
dielectric, but also the losses in the dielectric due to the 
alternating field, of the nature of a dielectric hysteresis, 
etc. 

This applies to an ideal condenser, that is, a con- 
denser with perfectly uniform dielectric. 

Tests show that in a real condenser, such as a cable, 
with a continuous impressed voltage ée), the current 
remaining after the passage of the starting transient 
that is, after a fraction of a second, usually is not the 


; , é a 
conduction current 7) = —~ , and is not constant, but 
Vf 


is larger than 7, often many times, and gradually but 
slowly decreases, for minutes and even hours, approach- 
ing the conduction current 7). There is thus a passage 
of current through and into the dielectric, for a con- 
siderable time. This often is expressed as the ‘‘soaking 
in” of current or of charge. 

The resistance of the cable insulation therefore cannot 
be measured by impressing a continuous voltage and 
reading the current, but constant voltage has to be 
kept on the cable until the current has become constant. 
Usually this is expressed by saying that the cable has 
first to be electrified. 


2. CABLE DISCHARGE 


A similar difference occurs between the ideal con- 
denser and the cable in the discharge. 

If an ideal condenser, charged to terminal voltage 
€o, is discharged by short-circuiting its terminals, the 
discharge transient passes, usually within a fraction 
of a second, current and terminal voltage drop to zero 
and the condenser is dead. In a real condenser, as a 
cable however, after the passage of the discharge tran- 
sient a small discharge current continues to flow, gradu- 
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ally decreasing, for minutes and even hours. Further- 
more, if after the external discharge transient has passed 
and the terminal voltage dropped to zero, that is, after 


a fraction of a second (and usually also still after several — 


seconds) the circuit of the cable is opened, the terminal 
voltage does not remain zero, but a terminal voltage 
reappears and gradually rises, for minutes, and cor- 
responding charges build up on the condenser terminals, 
until a maximum “residual voltage’ and “residual 
charge” has accumulated; then voltage and charge 
again decrease and finally vanish, often after many 
minutes or even hours. This residual charge may be 
quite considerable, sufficient to give dangerous shocks. 

This phenomenon in the charge of a condenser, of the 
soaking in of the current and the formation of residual 
charges and residual voltages after discharge, does not 
seem to occur when the dielectric of the condenser is 
perfectly homogeneous, but is very pronounced when 
the dielectric is a composite of different materials of 
different electric characteristics (resistivity and specific 
capacity), especially if the structure of the dielectric 
is laminated, as in a cable. 

This phenomenon is not always fully understood, and 
various attempts have been made to explain it as an 
effect of dielectric time lag, or as the result of a change 
of the specific capacity with time and voltage, as a 
hysteresis effect, ete. This is not so however, but it is 
a true circuit transient, as will be seen in the following, 
that is, a readjustment of the stored electric energy to 
changed circuit conditions, at constant values of cir- 
cuit constants, r and C. It has nothing to do with 
hysteresis or time lag. The great interest of this slow 
transient consists in its very long duration, sometimes 
reaching into hours. This makes it many thousand 
times slower than the external condenser transient. 

In a condenser with composite dielectric, like the 
laminated dielectric of the cable, energy storage occurs 
—and therefore results in transients at a change of 
circuit conditions—in the dielectric, at the boundaries 
between different dielectrics. This energy must be 
conducted over the resistance of the dielectric, and as 
this resistance is extremely high, the duration of this 
“Internal transient,’”’ that is, ‘‘transient of internal 
energy readjustment,’’ must be very great, compared 
with the duration of the ‘external transient,”’ in which 
latter, the energy readjustment occurs over the resist- 
ance of the external or supply circuit; the latter resist- 
ance is measured in ohms; that of the internal transient 
in hundreds of megohms. 

This great difference in duration, between the ex- 
ternal transient of readjustment of terminal voltage 
to changed circuit conditions, and the internal tran- 
sient of readjustment of internal charges within the 
dielectric, makes it possible to separate the two types 
of transient and treat them separately. 

The external transient has passed and vanished, 
before the internal transient has appreciably started. 
Therefore, in dealing with the internal transient, the 


~~ 
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external transient may be considered as non-existent, 
but the final circuit conditions brought about by the 
external transient (constant terminal voltage e,) 


considered as the initial circuit condition for the internal 


transient. Inversely, when dealing with the external 
transient, the internal transient may be considered as 
non-existing, that is, its initial circuit condition con- 
sidered as permanent. 

Approximate magnitudes of the quantities are, for a 
12,000-volt, 2-mile, 60-cycle, 3-phase cable at 20 kv. 
continuous impressed voltage: 

External transient: 25 amperes, 240 cycles. 

Duration of external transient: 0.005 sec. 

60 cycles charging current: 5 ampere maximum. 

Energy component thereof: 0.2 amperes. 

Initial value of slow transient: 0.37 to 2.4 milli- 
amperes, depending on age and temperature. 

Final value of slow transient: 0.11 to 1.28 milli- 
amperes, depending on age and temperature. 

Duration of slow transient: 4 min. 

Residual charge: 8 kv. 


3. FORMATION OF INTERNAL CHARGES 


Let the dielectric of a condenser be composite, con- 
sisting of layers of two materials—as impregnated 
paper and petrolatum in the cable—of different specific 
capacities and resistivities. 

Let now the circuit be closed and a continuous volt- 
age be impressed upon the condenser. By a rapid 
external transient, in a small fraction of a second, the 
terminal voltage of the condenser then becomes con- 
stant at the value e given by the supply voltage. 

An electrostatic field K thus appears between the 
condenser terminals giving an electrostatic flux density 
D in the dielectric between the condenser terminals, 
and an electrostatic charge Q on these terminals. 

At the first moment of terminal voltage e, there can 
be no electrostatic charge inside of the dielectric, since 
such charge would have to pass through a part of the 
dielectric, and due to the very high resistance of the 
dielectric, it takes a much longer time to conduct such 
internal charge through the dielectric, than the time 
required by the external transient to produce the ter- 
minal voltage e by supplying the terminal charges Q. 
Thus in the first moment of terminal voltage e no inter- 
nal charge can yet exist. 

A line of electrostatic flux must either terminate in 
an electrostatic charge, or continue into infinity or into 
itself. Since in the first moment of terminal voltage 
e, or at time t = 0, there can be no electrostatic charge 
inside of the dielectric, no line of electrostatic flux can 
terminate in the dielectric, and all lines of electrostatic 
flux therefore must pass through from terminal to 
terminal, in the first moment of terminal voltage e. 
That is, the flux density D between the cable terminals 
must in the first moment be uniform, and the initial 
voltage distribution between the component dielectrics 
thus must be such as to give the same flux density. 
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That is, the voltage must distribute between the dif- 
ferent layers of the dielectric in proportion to their 
elastances, that is, the reciprocals of their capacities. 
That is, the voltage gradient in the two dielectrics 
must be proportional to the elastivities, or inversely 
proportional to the specific capacities of these two di- 
electrics. They would remain so, if there were no 
conductivity, that is, if the resistance of the dielectric 
were infinitely high. The transient thus were ended, 
and no further change occurs. 

Due to the finite, (though extremely low) conductiv- 
ity of the dielectrics, a current is conducted, or “leaks” 
through the dielectrics, and the current density of this 
current in the two dielectrics, is proportional to the elec- 
trical conductivities of these dielectrics and proportional 
to the voltage gradients in them. The initial voltage 
gradients however are proportional to the elastivities of 
the twodielectrics. Theelastivities have no direct rela- 
tion to the conductivities, and high resistivity may 
concur just as well with low elastivity, as in sulphur, 
as it may concur with high elastivity, in air, and in- 
versely. It therefore is obvious that in general the 
current densities in the two dielectrics would not be 
equal. They would be equal only if it happened that 
the conductivities of the two dielectrics are proportional 
to their elastivities. 

In general we therefore find, in the first moment of 
constant terminal voltage on the cable as condenser with 
composite dielectric: 

All electrostatic charges are on the terminals. 

Uniform and equal electrostatic flux density in both 
dielectrics.” 

No internal charges in the dielectrics. 

Different current densities in the two dielectrics. 

Voltage distribution between the two dielectrics by 
their respective capacities, that is, 

Voltage gradients proportional to elastivities. 

In general thus, in the initial moment of constant 
terminal voltage on a cable, the current densities in the 
two component dielectrics are different. This means 
that at every boundary between the two dielectrics a 
discontinuity or change of current density occurs, and 
more current flows towards the boundary from the one 
side, than leaves it on the other side. Consequently, 
an electrostatic charge builds up at the boundary be- 
tween the two dielectrics, due to the difference between 
the two current densities on the two sides of the 
boundary. This electrostatic charge lowers the voltage 
gradient and thus the current density in the dielectric 
of higher current density, and raises it in the dielectric 
of lower current density, and thereby reduces the dif- 
ference between the current densities in the two 
dielectrics and with it reduces the rate of building up 
of internal electrostatic charges on the boundaries 
between the two component dielectrics, until finally 
the current densities in both dielectrics become equal 
and any further building up of internal charge ceases. 

The final condition thus is that of uniform current 
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density in both component dielectrics. That means, 
_the voltage gradients in the two dielectrics are pro- 
portional to their respective resistivities, and therefore 
independent of the capacities or elastivities of the two 
dielectrics. The electrostatic flux densities are different 
in the two component dielectrics. Lines of electrosta- 
tic flux terminate within the dielectric, at the boundaries 
between the two component dielectrics, and they ter- 
minate in electrostatic charges located at these 
boundaries. 


4, THE SLOW CABLE TRANSIENT 


Thus there occurs, at constant terminal voltage, a 
gradual change in the dielectric of a cable as condenser 
with laminated composite dielectric, from an initial 
condition immediately after the appearance of the 
constant terminal voltage at the condenser, until final 
condition is reached, by a slow transient lasting many 
minutes and even hours. This consists of: 

A change from the initial voltage distribution by 
capacity, to the final voltage distribution by the resist- 
ance of the component dielectrics. 

A change from uniform electrostatic flux density and 
ununiform current density, to uniform current density 
and ununiform flux density. 

The formation of internal charges at the boundaries 
between the two component dielectrics. 

A current passes through the dielectric. This 
starts at a large value (though small compared with the 
external transient current) and first rapidly and then 
more slowly decreases, to a final minimum value of 
conduction current. 

It thus consists of a permanent component, which is 
the conduction current sent by the terminal voltage 
through the resistance of the dielectric, and a transient 
component, by which the terminal voltage supplies 
the internal charges over a part of the resistance of the 
dielectric. 

The energy of the permanent current is dissipated 
as heat in the resistance of the dielectric. 

Half of the energy of the transient current is stored 
as the electrostatic energy of the internal charges at 
the boundaries between the two dielectrics, the other 
half is dissipated as heat in the resistance of the dielec- 
tric, over which’ the internal charges have to be 
conducted. 

The energy electrostatically stored in the condenser 
therefore increases during the slow transient of internal 
charge, that is, of “soaking in of the charges,” by half 
the energy of the transient component of the slow 
transient, and the apparent or effective capacity of the 
condenser correspondingly increases. 

That is, the energy stored in the condenser, and the 
‘ capacity of the condenser, reach a maximum at the end 
of the slow charge, when the conduction current has 
become a minimum. The stored energy and the 
capacity are a minimum at the beginning of the inter- 
nal charge, that is, in the first moment of constant 
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terminal voltage at the condenser. The latter also is 
the case with an alternating supply voltage, since even 
at low machine frequencies the duration of a cycle is 
short compared with the duration of the slow transient, 
and the internal conditions of the condenser (such as 
voltage distribution by capacity and not by resistance) 
with alternating terminal voltage therefore correspond 
to the initial conditions of constant terminal voltage. 

A condenser with composite dielectric thus does not 
have a constant capacity, but has one value of capacity 
—the minimum—for instantaneous voltage application 
or alternating terminal voltage, and another value— 
the maximum—for continuous voltage application. | 

A condenser with composite dielectric thus differs 
from a condenser with uniform dielectric in that in the 
latter energy is stored as electrostatic charge at the 
external terminals only, while in the former energy is 
stored as electrostatic charge in the dielectric also, and 
this latter energy can be supplied—or withdrawn, in 
the discharge—very slowly only, as it has to flow over 
the higher resistance of the dielectric, and thereby gives 
rise to the slow terminal transient, which often is mis- 
understood as a hysteresis or lag phenomenon, but is not 
such, but is a true resistance phenomenon, and as such 
independent of the frequency, but calculated from the 
ratio of resistances and capacities of the two component 
dielectrics. 


5. EFFECT ON PUNCTURE VOLTAGE 


As seen, at constant terminal voltage, the voltage 
distribution between the two component dielectrics 
changes between the initial and the final condition. 
That is, in the one dielectric the voltage gradient is 
higher in the initial conditions (and thus with alterna- 
ting terminal voltage) than in the final conditions, and 
the reverse is the case in the other dielectric. Suppose 
now the first dielectric is operated closer to the limit 
of its dielectric strength. If then the terminal voltage 
is brought up rapidly, so that the initial condition of 
internal voltage distribution persists, at a certain 
terminal voltage the first dielectric will reach its dis- 
ruptive gradient, and puncture of the insulation occurs. 
Suppose however, the voltage is brought up very slowly, 
so that throughout the entire voltage rise the final 
voltage distribution between the two dielectrics per- 
sists. At this final voltage distribution, the voltage 
gradient in the first dielectric’is lower, for the same 
terminal voltage, and the disruptive gradient in the 


first dielectric is therefore reached only at a higher 


value of terminal voltage. That is, in this case a 
higher value of puncture voltage is required when the 
voltage is very slowly applied, than when the voltage 
is rapidly increased. This is the reverse of the usual 
experience—in general, the more rapidly the voltage 
is increased, the higher voltage the insulation will 
stand. However, this phenomenon of a lower voltage 
being sufficient for breakdown when rapidly applied 
than when slowly applied, has been repeatedly observed 
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| with composite insulation. 


In this case, a constant 


_ voltage, applied at once, may break down the insulation, 


while even a higher voltage when very slowly applied, 
may not damage it—in the former case, the dielectric 
passes through the initial stage of voltage distribution, 
where it is overstressed, while in the latter case it has 
passed this stage at lower terminal voltage, while still 
below breakdown voltage, and at the higher terminal 
voltages had relieved itself by the readjustment of 
voltage throwing a higher gradient on the second and 
stronger dielectric. 

Inversely, if the weaker dielectric is the second one, 
in which the voltage gradient in the final condition is 
higher than in the initial condition, then with a rapidly 
increasing terminal voltage the insulation may show a 
much higher puncture voltage than with a very slowly 
increasing voltage, since in the latter case the same 
terminal voltage gives a higher gradient and thus 
higher stress across the second dielectric, than the same 
terminal voltage so rapidly applied that the initial 
condition persists. In this case, the insulation there- 
fore would show a marked time lag of disruptive 
strength, while in the above case we may speak of a 
‘negative time lag,” that is, slow voltage application 
increases the disruptive strength. 

It is interesting to note that here, in the second case, 
we get a time lag of breakdown, which is not a tempera- 
ture effect, but a straight resistance phenomenon, and 
get it under the assumption that the relation between 
breakdown and breakdown gradient is instantaneous, 
that is, that the breakdown occurs as soon as the 
breakdown gradient is reached. 


6. A-C./D-C. RATIO OF PUNCTURE VOLTAGE 


With alternating terminal voltage the internal 
conditions of the insulation always are the initial 
conditions. In the second case, when the voltage 
gradient increases with the time in the dielectrically 
weaker material, an alternating terminal voltage would 
give the same voltage gradient as exists in the initial 
conditions of a constant voltage equal to the maximum 
of the alternating voltage, and lower than the final 
voltage gradient of the constant voltage. Thus, if the 
breakdown is strictly mechanical, due to voltage stress, 
and no additional causes of breakdown occur with 
alternating voltage, then puncture would occur with an 
alternating voltage of a maximum equal to the constant 
voltage rapidly applied, but a very slowly applied con- 
stant voltage would cause a breakdown at a lower 
value of voltage than the maximum of alternating 
puncture voltage. That is, we would get a d-c./a-c. 
ratio of less than one. While this is against the usual 
experience it has been observed in a number of in- 
stances. 

Dominating in the insulation puncture comes in the 
temperature effect, that is, local temperature rises 
which materially lower the breakdown voltage. As 
with alternating voltage energy losses occur, such as 


STEINMETZ: CABLE CHARGE AND DISCHARGE 


529 


dielectric hysteresis, etc., which do not exist with 
constant voltage, local heating would be greater and the 
puncture voltage therefore lower with alternating 
voltage. 

Thus there are three different conditions met in a 
composite dielectric, which have no constant direct 
numerical relation with each other: 

1. Very slowly applied constant voltage, giving an 
internal voltage distribution by resistance. 

2. Fairly rapid constant voltage application, giving 
an internal voltage distribution by capacity. 

3. Alternating current voltage supply, giving the 
same voltage distribution as 2, but with additional 
energy losses and heating, the latter depending on the 
rate of voltage application. 

The ratio of puncture voltage, d-c. and maximum 
a-c. in the three cases, may have any value between 
less than one and two to three or even more, depending 
on the relative constants of the two component di- 
electrics, on time and on temperature, etc., and re- 
search in this direction should throw a great deal of 
light on the mechanism of breakdown. 


7. A-C. AND D-C. RESISTANCE OF DIELECTRIC 


With alternating terminal voltage the internal 
conditions of the composite dielectric are the initial 
conditions of constant voltage electrification. It fol- 
lows, that with alternating terminal voltage the conduc- 
tion current which passes into the dielectric is not the 
final or permanent value of the conduction current at 
constant terminal voltage, but is the—usually much 
larger—initial or transient value of conduction current, 
that is, the initial value of the slow charging transient, 
and the 7? 7 loss in the dielectric therefore is much larger 
under alternating terminal voltage, than under con- 
tinuously applied constant terminal voltage. 

Thus, assuming that there were no other losses but 
conduction losses in the cable dielectric under alter- 
nating voltage, that is, hysteresis, ionization, etc., were 
absent, then the energy component of the alternating 
cable charging current would be—usually much—larger 
than the conduction current with constant terminal 
voltage, and the resistance of the dielectric, from energy 
current and alternating terminal voltage, would be 
much lower than the resistance measured with direct 
current. Nevertheless, the alternating energy current 
and the resistance calculated from it are a true conduc- 
tion current and true ohmic resistance effect, and are 
independent of the frequency, though they are often 
misunderstood and misinterpreted as time lag or 
hysteresis effects. As seen, they are ohmic resistance 
effects of the circuit between the internal charges and 
the external circuit. In addition thereto occur prob- 
ably true hysteresis effects, ionization effects in air by 
ozonization, similar ionization effects in other materials, 
ete., which are still little understood. Also the effects 
of moisture and its movement under the dielectric 


field. 
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CABLE DISCHARGES 


Suppose a cable as laminated composite condenser 
of two dielectrics, is charged to a constant terminal 
voltage, and stationary conditions of voltage distribu- 
tion and internal charges reached. 

We now short-circuit the cable. 

By the rapid external transient it discharges, within 
a small fraction of a second, and terminal voltage and 
terminal charge drop to zero. In the first moment, 
the internal charges, at the boundaries of the two 
dielectrics, remain the same. These internal charges 
now discharge their energy—which was half the energy 
of the slow charging transient, as seen above—towards 
the cable terminals, through the very high resistance 
of the dielectric, by a slow transient, a current which 
starts with a maximum (though very small compared 
with the external discharge transient) and gradually 
decreases to zero. 

Or we just disconnect the cable from the supply 
voltage, leaving it open-circuited, but charged. The 
terminal charges and the internal charges then supply 
the conduction current, which passes through the di- 
electric, and current, charges, terminal voltage and 
internal voltages decrease and finally die out gradually 
and proportionally to each other, on small exponential 
transients. 


The most interesting case is to discharge the cable 
terminals by short-circuiting for a short time (a frac- 
tion of a second) until the external cable discharge 
transient has passed and terminal volts and terminal 
charges dropped to zero, but before any appreciable 
discharge of the internal charges has occurred, and then 
to open the circuit again. This leaves the cable with 
zero terminal voltage and zero terminal charge, but 
with internal charges at the boundaries between the 
two component dielectrics, and corresponding internal 
voltages. That is, by the withdrawal of the terminal 
charges the internal charges as bound charges are set 
free and their corresponding voltages appear. These 
voltage gradients produce currents through the resist- 
ance of the dielectrics. These slow transient currents 
decrease the internal charges and build up external or 
terminal charges, which appear as terminal voltage. 
Thus a transient terminal voltage gradually builds up, 
increases to a maximum and then decreases again and 
gradually dies down to zero. Of the energy of the 
internal charges, half is stored as terminal charge giving 
residual terminal voltage:—the other half is dissipated 
in the resistance of the dielectric in conducting the 
charge through the dielectric. Assuming that the 
energy stored by the internal charge was half the 
energy of the terminal charges of the condenser. 
When building up a residual terminal charge, this then 
would contain half the energy of the internal charges, 
or one-quarter the energy and therefore half the voltage 
of the initial terminal charges. Thus a very consider- 
able residual voltage, capable of giving dangerous 
shocks, may build up on a composite condenser like a 
cable. 
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8. CONCLUSIONS 


In the preceding we have described the simplest 
case, of a laminated condenser consisting of two dif- 
ferent dielectrics, and thus giving rise to a slow tran- 
sient consisting of one exponential term. 

If the condenser comprises ” different dielectrics, 
the slow transient consists of (n — 1) exponential terms, 
thus is more complex, but otherwise not essentially 
different. “Observation of such slow transients on three- 
phase cables seems to show that they are not well 
represented by a single exponential slow transient, but 
are fairly well represented by the combination of two 
slow transients, the one being somewhat faster than the 
other. Such a case is shown in Fig. 1, with the ob- 
served currents marked by crosses. It gives three 
curves of the same cable, for three successive tests at 
different periods of the year and therefore different 
temperatures. This would correspond to a composite 
condenser having three different kinds of dielectric. 
In a three-phase cable we have impregnated paper as 
main insulation, petrolatum as impregnating material, 
and impregnated hemp in the triangular corner pieces 
between conductors and armor. 

Structurally, we have considered a laminated shape, 
first, because it is mathematically by far the simplest 
case, and second, because most of the industrially 
important insulations are laminated; cable, condenser, 
high-voltage machine insulation, ete. In general, 
similar relations may be expected to exist in an irreg- 
ularly unhomogeneous dielectric. 


STANDARD WAVEMETERS 

To serve as a standard of radio frequency the Bureau 
of Standards has two specially constructed wavemeters 
covering the frequencies in more general use from 18 
to 4600 kilocycles per second (16,650 to 65 meters). 
These standard wavemeters are used in calibrating 
wavemeters belonging to the Radio Inspection Service, 
manufacturers, colleges or others in need of standards 
of frequency, in radio measurements and in adjusting 
the radio transmitting set which is used to transmit 
standard frequency signals. 

Each standard wavemeter consists of a variable air 
condenser of special design, four fixed mica condensers, 
a number of interchangeable inductors or coils, and a 
resonance indicating device. The majority of the 
inductors are wound with high-frequency cable in a 
single layer upon a skeleton frame of laminated phenolic 
insulating material, sometimes called bakelite. 

The wavemeter is tuned to a source of radio-fre- 
quency currents by varying the air condenser and 
obtaining the maximum deflection of an indicating 
instrument which is connected to two turns of wire 
and loosely coupled to the inductor in the wavemeter 
circuit. Hither of two indicating instruments may be 
used, a thermogalvanometer or a d-c. milliammeter 
and crystal detector. The d-c. milliammeter and crys- 
tal detector are used when more accurate indications are 
desired than are possible with the thermogalvanometer. 
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Consolidated Mining and Smelting Company’s Zinc Plant, 
Trail, B. C., Canada 


BY R. N. LOCKYER 
Member, A. I. E, E. 
Asst. Supt., West Kootenay Power and Light Company, Bonnington Falls, B. C. 


’ INTRODUCTION 


HE great demand for supplies of zine required in 
the manufacture of munitions, especially in the 
manufacture of brass shells which contain 66.6 

per cent copper and 83.4 per cent zine, led to an investi- 
gation in 1915 to ascertain the feasibility of producing 
metallic zine in Canada. This resulted in the estab- 
lishment of a zine plant by the Consolidated Mining 
and Smelting Co. of Canada at Trail, B. C., at an 
initial cost of $2,500,000. 


GeNERAL View TRAIL PLANT 


The production of zine was increased from a daily 
output of 1000 pounds (453 kg.) to the present pro- 
duction approximately 80 tons (72,500 kg.) daily, 
having a purity of 99.9 per cent. The present annual 
capacity of the zinc plant is approximately 29,200 tons 
(29,500 metric tons). The starting up of the electro- 
lytic plant at Trail and the almost simultaneous start- 
ing of one at Anaconda, Montana, and the placing of 
orders with both of these plants, broke the German 
strangle hold on high gerade zinc, in fact other grades 
as well. 

Until about 1915 all commercial zinc was produced 
by distillation, a process involving many difficulties. 
The resultant product was comparatively impure and 
there was also a very decided factor of loss due to 
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certain peculiar tendencies of zine vapor to solidify in 
undesirable forms. Today a great deal of the zinc 
which is produced in North America is deposited 
electrolytically; a process which results in a purer and 
more homogeneous product and therefore, one which 
is more desirable in the trades than that made in the 
old way. 

It is not the intention of the writer to devote for 
any length of time on the zinc process as this article 
is intended to cover only the electrical equipment of 
the plant. For a complete description of this process 
the reader is referred to an article by L. W. Chapman in 
the Chemical and Metallurgical Engineering Magazine, 
August 11th, 1920, Vol. 23, No. 6, pages 227-237. 


POWER SUPPLY 
The power supply is derived from a distributing 
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station located between the two generating rooms. 
This station being the property of the West Kootenay 
Power & Light Co., a subsidiary of the Consolidated 
Mining and Smelting Co. The Power Company is 
one of the pioneer concerns engaged in hydroelectric 
development in British Columbia which has played 
such an important part in the mining development of 
the Kootenay District, in fact without such power this 
development would have been impossible. 

Power is transmitted to Trail, a distance of approxi- 
mately 32 miles (51.2 km.) from the company’s hydro- 
electric plant, over two transmission lines at a pressure 
of 60 kv. : 

The substation is of solid brick construction, the 
incoming lines entering through the roof. The interior 
is subdivided into three sections, namely, transformers, 
high-tension switches and lightning arresters, and low- 
tension bus structure with the low-tension switches 
and control panels. 

ELECTRICAL EQUIPMENT IN DISTRIBUTING STATION 


The transformers are of the Canadian Westinghouse 
Company’s manufacture, each bank, of which there 


Hol 
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are two, is located in a fire proof compartment and 
consists of three single-phase, 2500-kv-a. water-cooled, 
oil-insulated transformers with primary and secondary 
connected delta. It is to be noted that no spare trans- 
formers have been installed. In the event of a trans- 
former breaking down, service would be restored by 
operating the damaged bank open delta while repairs 
were being made. Each transformer is mounted on a 
truck. The high-tension switches on both the in- 
coming lines and transformers are of the Canadian 


Hicu-Trension Room, West Kootenay Power & Licut Co. 
SUBSTATION 


General Electric Company’s manufacture; these being 
their form K-26-70 kv.-300 ampere. These switches 
are equipped with tank lifters, and are protected 
through inverse time limit series trips mounted directly 
overhead on the bus structure. 


Two sets of aluminum lightning arresters protect the 
two incoming lines. Directly adjoining, the high- 
tension room is the low-tension bus structure which is 
of concrete. On this structure are mounted all the 
low-tension switches. Two form H-6 connect the 
secondaries of the transformers to the bus. Eighteen 
form H-3 switches are on the outgoing feeders, con- 
necting the smelter substation and Lead Refinery 
substation. There are thirteen motor generator feed- 
ers and a circuit for lighting the city of Trail. All the 
switches are protected by time limit overload relays. 
A d-c. panel is mounted at one end of the control panels 
from which is operated a 5-kw. 125-volt motor generator 
set for charging a 60-cell storage battery. This battery 
energizes the operating bus for the remote control 
switches as well as supplying an auxiliary lighting 
source in case of power failure. This is accomplished by 
a quick throw over switch operated by a no-voltage 
release. The city lighting system is fed from a 3- 
phase automatic induction voltage regulator set for 
10 per cent boost or buck. The street lights are con- 
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trolled from a series mercury are rectifier operating 
magnetite arc lamp. 

Some mention should be made of the two 20-kv. lines 
passing through this station. Up to the time of build- 
ing the Zine Plant, the only lines coming into Trail 
were the 20-kv. lines feeding directly into the Consoli- 
dated Mining and Smelting Company’s substation 
which has now been dismantled. These lines origi- 
nally fed from No. 1 power house, but as the load con- 
ditions very seldom require both plants to be in opera- 
tion at the same time, these lines are usually supplied 
from a 20-kv. bank of transformers in No. 2 power 
house. 

In the event of conditions necessitating the operation 
of both plants, No. 1 plant can be paralleled with No. 2, 
or No. 2 can drop the load on the 20-kv. lines, leaving 
No. 1 plant to handle this. Generally No. 1 and 2 
plants are operating in parallel through Trail, all 
phasing being done at the power house. These lines 
are controlled from Westinghouse Type “G. H.’’ Oil 
circuit breakers and protected by reverse power relays. 

The total maximum demand from this station to date 
has been 20,900 kw. in other words the equipment has 
safely withstood an overload of 22 per cent. R. A. 
Ross, M. E. I. C., Montreal, acted as consulting 
engineer for the power company. 


Low-Trnston Room, West Kootenay Power & Licut Co. 
SUBSTATION 


GENERATOR ROOMS 


The generator rooms at Trail, although they do not 
embody any new features, are of interest due to the fact 
that it is another application of electric power to a new 
industry. An industry that has sprung up since the 
commencement of the late war. They are of hollow 
tile and steel construction. No. 1 Generator Room is 
266 ft. (81.1m.) in length and 30 ft. (9.14 m.) <n 
width. No. 2 generator room is 218 ft. (66.4 m.) in 
length and 80 ft. (9.14m.) in width. The floor and 
foundations of the motor generator sets are solid 
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concrete. For the purpose of erecting and facilitating 
the making of repairs, these rooms are served with a 
10-ton (9075 kg.) electric crane, having an electric 
travel and hoist, the traverse being manually operated. 


‘No. 1 Generator Room has seven double-ended sets 


while No. 2 has six each consisting of 2500-kw. 125- 
volts, 4000-ampere (maximum) generators. The two 
d-c. generators are direct-connected to a 1150-kv-a. 
synchronous motor, the exciter for which is connected 
to one end of the shaft. All the machines are arranged 
longitudinally with the building as can be seen from 
the photograph. 
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ventilation. Approximately 30 tons (27,400 kg.) of 
copper was used in connection with this installation. 


Motor GENERATOR SETS 


Let us now turn our attention to the motor generator 
sets. The over-all length of the Westinghouse bed 
plate which is one single casting is 28 feet (7.62 m.) and 
the total weight, including the oil pump, is approxi- 
mately 71,000 lbs. (82,200 kg.) or 71 pounds (32.2 kg.) 
per kilowatt. Holding down bolts are used, the bed 
plate being grouted in on top of the foundations. ' 

The generators are 8-pole shunt-wound interpole 
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The switch boards are located between the sets and 
the wall adjoining the tank room. This arrangement 
being decided upon so as to minimize the amount of 
copper bus used in connecting the tanks. 

In the early development of the plant, considerable 
thought was given to the arrangement of a transfer bus 
in order that any set of tanks might be connected to any 
machine, thereby permitting more frequent inspection 
of the units. But when the yearly interest on a bus 
of the required size and the high cost of copper at that 
time was considered, it was decided the investment 
would not be justified. 

The d-c. bus bars from the generators to the switch- 
boards and from the switchboards to the tanks, are 
made up of four 5-16 inch (8 mm.) x 4 inch (10.1 cm.) 
copper bars separated by 5-16 in. (8 mm.) spacers for 
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type of 500-kw. capacity and have a voltage regulation 
of from 50 to 125 volts. The speed is 600 rev. per min. 
Two note worthy features are the commutator and 
the interpole or commutating pole winding. The 
length of the commutator is 2 ft. 2.5 in. (67.2 cm.). 
The diameter is 1 ft. 10 in. (58.8 em.) The peripheral 
speed is 3970 ft. (1210 m.) per minute. 
With commutators of this length and speed, it has 
generally been found necessary to shrink a steel ring 
around the center of the commutator, but in the case 
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equipped with radiators to aid in expelling the heat 
generated. 

“Te Carbone” soft graphite brushes are used, opera- 
ting at a current density of 63.5amperes per square inch. 
(12.5 amperes per sq. cm.) A spring tension of 1.25 
pounds per square inch (0.15 kgm. per sq. cm.), ?. @., 
1.75 to 2 pounds (0.79 to 0.90 7 kg.) per brush has 
proved to give the best satisfaction. This, of course, 
necessitates having the mica undercut to a depth of 
about 1/16 inch (1.5 mm.). The peripheral speed is 
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of three machines, this has been overcome by the use 
of three ‘‘V’”’ rings which allows the whole face of the 
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sufficiently high to prevent dirt from sticking-in the 
recesses. The commutators revolve in a leading 
direction, 7. e., they revolve from the heel of the brushes. 
This has given the best possible wear on the brushes and 
has minimized their tendency to lock in their holders. 

The interpoles are arranged so that the coils receive 
only one half armature current. This being attained 
by dividing the total number of interpoles into two sets 
and connected series multiple. The field frame is of 
high grade iron and the poles so proportioned so as to 
minimize the armature reaction. 

The shunt field winding is separately excited. The 
four pillars which support the bearings are insulated 
from the bedplate, thus preventing the circulation of 
stray currents through the bearings which would have 
a tendency to pit both the shaft and the bearings. 

The generators were subjected to an insulation test 
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of 1500 volts a-c. for one minute in accordance with the 
rules of the A. I. E. E. The insulation will stand 90 
deg. cent. without injury. The generators have an 
efficiency of approximately 91 per cent at full load. 

As can be seen, the synchronous motors are located 


‘in the center of the set, being 1475 h. p. output 1158 


kv-a. input, 3-phase, 2200-volt, 60 cycles, 600 rev. 
per min. 314 amperes per terminal. 

The stator or armature winding is a twelve pole 
single star connection. The stator consists of a cast 
iron frame. The inside of the frame being provided 
with ribs which have dovetails machined in them to 
receive the armature punchings which have dovetails 
to correspond. The outside of the frame is provided 
with large ventilating ducts to provide a good circu- 
lation of air. The armature core, which consists of 
built-up laminated sheet steel, is held in place by end 
plates, there being ventilating spaces provided at inter- 
vals across the armature. 

The armature coils are machine wound and of the 
diamond type. These are formed and insulated before 
being placed in the slots, there being two in each slot 
held in place by fiber wedges. The ends of the coils 
project beyond the armature and are securely corded 
to a cold rolled-steel ring which is supported by cast 
iron arms bolted to the frame. This has been done to 
protect the coils against any undue magnetic strains. 

The starting winding is of the interconnected pole- 
face or amortisseur winding. 

The rotor consists of a cast steel spider with lami- 
nated steel poles and a copper strap winding for the 
field. The spider has machined dovetailed slots into 
which the dovetail projections of the poles are fitted 
and are held firmly in place by tapered keys. A small 
end plate is bolted.on each side of the pole to prevent 
the keys from moving sideways. These plates are 
made wider at the top and adjusted in a radial direc- 
tion so as not only to support the field coils on the 
bottom side, but also to make the coils fit the poles 
snugly and firmly, thus eliminating any trouble due 
to loose field coils, especially after the motor has been 
in use for a long time. 

The bedplate is so arranged that the armature can 
be slid clear of the rotating field by means of jack screws 
for this purpose which is of aid in making inspections 
and repairs. 

The motor was subjected to the following insulation 
test as recommended by the A. I. E. E., field 1500 volts 
a-c. for one minute and armature 5000 volts a-c. for 
one minute. The operating efficiency of the motor at 
full load is approximately 94.5 per cent. 

The exciter is a 125-volt, 200-ampere type “S A’ A 
interpoles, compound-wound generator 
mounted on the extreme end of the shaft, in other 
words overhung. To minimize the starting current to 
approximately 400 kw. An oil jack or high-pressure 
duplex pump forcing a film of oil under the bearings 
at a pressure of 1000 lb. (458 kgm.) per sq. In. (6.4 sq. 
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em.) has been used. This eliminates the static friction 
to such an extent that the whole revolving member 
whose weight is approximately 9 tons (8225 kg.) can 
readily be turned by hand. This oil jack is on the floor 
at the left hand side of the switchboard. The whole 
pump unit is self-contained, the base of same being 
the oil reservoir having an approximate capacity of 
10 gal. (378 liters). The pump is driven with a 1-h. p., 
110-volt, 3-phase type C.C.L. induction motor 
connected to the pump through a worm gear. The 


OILJACK 


pump itself has four cylinders, each cylinder being 
equipped with high-pressure relief valve. 


CANADIAN GENERAL ELEcTRIC Motor GENERATOR 
SETS 


The over-all length of the Canadian General Electric 
bed plate which is built up in three sections, bolted 
together, is 21 feet 9 inches (6.62 m.). The total 
weight of the set is approximately 81,000 pounds 
(36,700 kg.) or 81 pounds (8.6.7 kg.) per kilowatt. 
This bed plate employs no holding down bolts. 


CANADIAN GENERAL ELECTRIC Moror-GENERATOR SET 


The generators are 10-pole shunt wound machines 
of the interpole type and of 500 kw. capacity. They 
have a voltage variation of from 0-125 and speed of 514 
rev. per min. 

The interpoles received full armature current, 
consequently are of a massive construction. The 
length of the brush bearing surface on the commutators 
is 1 foot 7 inches (48.1 cm.) diameter 2 feet, 6 inch 
(76 cm.) giving a peripheral speed of 4025 feet (1228 m.) 
per minute. The commutator is built up of 140 bars 
and revolves in a leading direction. 

The commutators are operated with a graphite 
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brush manufactured by the Morgan Crucible Company, 
having an operating current density of 47.6 amperes 
per square inch (12.2 amperes per sq. cm.). The spring 
tension being 1.5 pounds per square inch (0.15 kg. per 
sq. cm.). This of course necessitated having the mica 
undercut. 

Note should be made of the ruggedness of the yoke 
supporting the brush arms; this being a characteristic 
feature of the machine. The field frames and brush 
yokes are split horizontally which is of great assistance 
during erection or the making of repairs. This feature 
is also found on the Westinghouse sets. The bearings 
for both makes of machines are two part and are pro- 
vided with oil ring lubrication, together with sight feed 
oil gages. ; 

The temperature rise after operating at full load 
is in the armature 40 deg. cent. in the commutator 
55 deg. cent. and in the fields 40 deg. cent. The 
generator efficiency at full load is 92 per cent. 

The motor of this set is a Type A TJ 1150 kv-a., 
2200 volts, 60 cycles and runs 514 rev. per min. Two 
bearings are insulated from the bed plate to prevent 
the circulation of shaft currents. 

The stator winding is a 14-pole single-star connec- 
tion. The bed plate is so arranged that the armature 
may be slid clear of the revolving field if necessary. 
The starting winding is of the inter connected pole face 
type, the bars being of a special high-resistance monel 
metal alloy. 

The operating efficiency of the motor is 95 per cent 
at full load. The exciter which is a 126-volt, 11 kw. 
six-pole machine is mounted on the end of the shaft. 


ARTIFICIAL LOADING OF GENERATORS 

A note worthy feature during construction was the 
ease with which the d-c. generators were artificially 
loaded before going into service, this being done 
principally for seasoning the commutators. It was 
only necessary to insert jumpers connecting the bus 
bars of each generator in multiple and apply the load- 
ing back test, commonly known as the ‘‘Hopkinson”’ 
test. The current taken by the motor being only that 
required to overcome the losses of the set. 


THE AUXILIARY EXCITER 


The auxiliary exciter consists of a motor generator 
set. The motor is of 40 h. p. and is 2200-volt type 
C.C.L. machine. The generator is rated at 25 kw. 
and 125 volts. This set not only serves as an axuiliary 
exciter but also as a source of supply for the cranes in 
the generator rooms and tank rooms as well as a source 
of power for a research laboratory. This set is pro- 
vided with a suitable black marble switchboard on 
which is mounted the necessary instruments. 


VENTILATION 
The frames of the generator sets and the neutral 
connections of all the instrument transformers, are 
securely grounded to a 250,000 cm. ground bus which 
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runs the full length of the generator room. This bus 
is located in a tunnel under the floor space between the 
machines and the switchboard. It is 4 feet (1.22 m.) 
high and 4 feet (1.22 m.) wide, and serves for two pur- 
poses. One of these is that it contains the auxiliary 
exciter bus as well as a 3-phase, 110-volt circuit for the 
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CANADIAN WESTINHGOUSE WrRING DIAGRAM 
Westinghouse oil pumps, that it also contains the 
station lighting circuits. 

For the purpose of ventilating the machines, air is 
drawn in through ducts connected to the tunnel; each 
motor and generator having its own duct, and the warm 
air is exhausted through cupolas on the roof. 
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SW:TCHBOARDS of the outstanding features of th 

The switchboards are of the standard three-panel the upper iat the panels an eee uate 
type on which is mounted the complete apparatus for cating instruments. Test blocks have been installed 
the control of the sets. On the generator panel is thus permitting the checking and testing of ei eere 
mounted an ammeter which is connected in the tank ments under load. The motor is protected by inverse 
circuit. These panels are equipped with a reverse time limit alternating-current overload relays. The 
current feature adjusted so that in case of power failure motor panels of the two manufacturers differ in some 
or the motor dropping off the line, the counter e.m.f. respects. With the Westinghouse panel the switches 
of _the cells would not motor the set by acting as a are mounted directly behind, one a Type B-non-auto- 
primary battery. This counter e. m. f. is made use of matic, 2500-volt, 300-ampere and the other a type B 
as an auxiliary lighting source, each switchboard being automatic oil circuit breaker of 600 amperes at 2500 
equipped with lights, receiving current from the tanks volts. Two type B  non-automatic, 300-ampere, 
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they supply. This is accomplished through a small 2500-volt oil circuit breakers are mounted on the wall 
automatic switch mechanically connected to the d-c. directly at the rear of the switchboard over the auto- 
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breakers which in turn are controlled from the reverse 
current relays. The a-c. or synchronous motor panel 
is marked by its simplicity; in fact, simplicity is one opera 


transformers and are mechanically connected with 
ting handles on the front of the board by bell 
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eranks and connecting rods. The 300-ampere non- 
automatic switch mounted directly at the rear of the 
panel is the magnetizing switch for the primary of the 
auto-transformer and is only in service during the 
period of starting. The next adjacent handle is the 
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CANADIAN GEnpraL HLectric SwirTcHBOARD 


first or 50 per cent tap, 7. e., 1100 volts. The 
next handle is the 70 per cent tap or 1540 volts 
when 2200 volts is impressed on the primary. These 
switches are all mechanically interlocked to permit 
the proper sequence of operation. The auto-trans- 
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former, capacity 400 kw. is a self-contained, 3-phase oil 
cooled transformer with various taps having been 
brought out so that the following voltages may be ob- 
tained, 330, 485, 595, 770, 1100 and 1540. 
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The procedure of starting the sets is very simple. 
The motor being started as an induction motor, the 
rotor being equipped with an interconnected pole-face 
winding. After the machine has attained synchronous 
speed this winding acts as a damper to retard any 
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tendency}{to hunt. The revolving field is shunted 
through a 3.1-ohm resistance to decrease the induced 
voltage in the field at the start to 85 volts. 

The Canadian General Electric switchboard is very 
similar to the Westinghouse with the exception of the 
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INSTRUMENT WIRING, CANADIAN GENERAL ELECTRIC 
SWITCHBOARD 


motor panel. A unique feature of this board is the 
carbon break field switch mounted at the rear of the 
panel and operated from the front by means of spade 
handle and connecting rod. Only three oil switches 
are required; the magnetizing and starting switch are 
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mechanically connected in tandem, 7. e., they operate 
simultaneously. The method of starting is practically 
similar to that of the Westinghouse set. The motor 
being started as an induction motor during which 
time the rotating field is shunted through a resistance 
of 35 ohms. This reduces the induced voltage, which 
is due to the transformer action, to 850 volts at the 
moment of starting. On the motor reaching full 
speed, the revolving field is energized to full strength, 
2. e., the field current required to maintain unity power 
factor atnoload. When this is accomplished the motor 
is connected to the line. The motor attains synchron- 
ous speed in approximately sixty seconds. The 
switches are mechanically interlocked making the 
board as fool-proof as possible. The motor is pro- 
tected through a double pole, overload inverse time 
limit relay operating a d-c. tripping coil. 


POWER CABLES 


All the power cables run from the Power Company’s 
switches to the motor generators. They supply 
through 4-in. (10.1 cm.) “Orangeburgh” fiber ducts 
embedded in concrete under the floor. These cables 
are of 300,000 em. and are insulated with varnished 
eambric which in turn is protected with a heavy braid 
impregnated with a moisture repelling compound. 


LOAD CHARACTERISTICS 


The load, which is wholly a synchronous motor load, 
is most desirable on account of its great flexibility as a 
power-factor corrector. This load has been a great 
help to the power house, cutting down the lagging 
kv-a. at the generators, which is mostly caused by the 
rest of the load on the power company’s system being 
inductive. The average power factor at the power 
house which is 32 miles (51.2 km.) away is 0.98. Excel- 
lent voltage regulation is obtained at the power com- 
pany’s substation bus due to this synchronous motor 
capacity; the voltage never varying more than 2.5 
per cent of the normal voltage. 

The synchronous motors can be operated as syn- 
chronous condensers so long as the armature current 
does not exceed 15 per cent of full load current and the 
temperature rise does not exceed 40 deg. cent. If the 
temperature rise does not come up to 40 deg. cent. 25 
per cent increase in armature current is possible. 

For electrolytic purposes, advocates of the rotary 
converter are to be found; their main point of argu- 
ment being their higher efficiency. They recommend 
the use of single units of about 5000 kw. capacity. 
However smaller units in d-c. generators have many 
advantages over the rotary converter; one of these being 
the ease with which the d-c. voltage can be regulated. 
The rotary converter requires expensive inductive 
regulators or synchronous boosters on the a-c. side 
also expensive starting equipment when compared with 
that of the synchronous motor. 

With the large units, they are usually operated at 
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about 500 volts on the d-c. side, which of course, means 
a large number of tanks in series. In the event of a 
breakdown, in either the tank system or the rotary, a 
much larger section of the plant is affected than would 
have been the case had smaller direct-current generators 
been used. Where a large corrective effect for low 
power-factor is desired, the rotary. converter should 
not be used as a synchronous condenser, nor is it 
possible to obtain absolutely smooth operation from a 
rotary at the end of a long line having a high ohmic 
resistance. The rotary even with all its latest improve- 
ments is still a trouble maker at times and it is a 
question whether the saving in. power brought about 
by its use will offset the cost of repairs and general 
up-keep when compared to a direct-current generator 
driven by a synchronous motor. 

In one large plant it has been found necessary to 
install motor generators of sufficient capacity to keep 
the zine from redissolving back into the solution when 
the rotary converters are down for repairs. To circu- 
late a current to prevent the zinc dissolving, the motor 
generator would have to be approximately half the 
capacity of the rotary-converter. This greatly in- 
creases the electrical investment with accompanying 
decrease in earnings per kw. of generating equipment 
installed. 

In the plant under discussion, this protection could 
be brought about by installing a transfer bus, when 
the unit shutdown could be transferred over to another 
generator, thereby not interfering with the operation of 
the plant to any great extent but as already mentioned 
it was not considered that the large investment in 
copper bus would be warranted. 


AIR COMPRESSORS 


We will now turn our attention to the air com- 
pressors which are located at the far end of No. 1 
generator room. This wing is of similar construction 
to that’of the generator room. The compressors are 
operating at an elevation of 1558 ft. (475 m.) above sea 
level under an atmospheric pressure of 13.9 lb. per 
sq. in. (978 kg. per sq. cm.) barometer 28.3 in. (717.5 
m.m.) mercury. These compressors are a very vital 
part of the zinc plant, as air is used wholly for agita- 
tion, and the circulating of the different acid solutions. 
When the plant was first put into operation, the 
agitating of the solutions was done mechanically and 
the solutions were circulated by means of pumps. 
These pumps soon gave a great deal of trouble on 
account of the very severe operating conditions. 

The first compressor installed was a Rand Ingersoll, 
with a capacity of 1650 cu. ft. (49.7 cm.) of free air per 
minute at a pressure of 35 pounds (15.9 kg.) speed 125 
rev. per min. and belt-driven from a 200 h. p., 2200 
volt, form “ZL’’ (internal resistance) Canadian General 
Electric induction motor. As the size of the plant 
increased, and the demand for air became greater, it 
became evident that the compressor plant was inade- 
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quate to cope with the increased demands and therefore 
it became necessary to install additional units. In the 
end, the capacity of the first compressor was increased 
by the addition of an additional cylinder which doubled 
its capacity. 

This compressor has an automatic unloader working 
on both cylinders; in fact, when the other units are 
working, this unloader regulates the whole system. 
This compressor is now driven with a Canadian West- 
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through a flexible steel link coupling. The pinion 
shaft and pinion are in one piece having been machined 
from a solid steel forging. This unit is driven by a 
Canadian Westinghouse 600 h.p., 400 rev. per min., 
60-cycle, 2200-volt, 144 amperes per terminal, squirrel- 
cage induction motor. The motor is controlled by a 
switchboard panel and a 1000 kw. auto-transformer 
with taps brought out by which the following voltages 
may be obtained: 650, 935, 1150, 1400, 1700 and 1900. 
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inghouse 300-h.p. type “C.C.L.” 2200-volt, 490 
rev. per min. induction motor. The motor ‘is con- 
trolled from a panel on which are mounted, the start- 
ing switches, instruments, relays and low-voltage 
release. 

The second compressor is of particular interest as 
this machine has been practically rebuilt, being taken 
from one of the company’s mining properties where it 
had been operating as a steam unit for a number of 
years. It is a two-cylinder unit and by various valve 
arrangements can be operated; compounded, two 
cylinders in parallel or each cylinder separately. 
Usually it is operated compounded with a capacity of 
3200 cu. ft. (90.5 cu. m.) of free air per minute, at a 
gage pressure of 80 lb. (36.3 kg.). With the two 
cylinders in parallel, the capacity is 4800 cu. ft.-(136 
cu. m.) at a pressure of 35 lb. (15.9 kg.) speed 67 rev. 
per min. This compressor is now electrically driven; 
this being made possible by installing a herringbone 
gear on the crank shaft next to the fly wheel. The gear 
is driven from a pinion shaft connected to the motor 


ZINC PLANT 


That is when 2200 volts is applied to the primary. The 
motor is started on the 1400-volt tap taking 200 per 
cent full-load current and requiring from 50 to 70 
seconds to attain full speed. 

No. 3 compressor has a capacity of 2000 cu. ft. 
(56.5 cu. m.) of free air per minute, speed 150 strokes 
per minute. This compressor only operates on the 
high-pressure system at an average pressure of 80 
pounds per sq. in. (5.62 kg. per sq. em.). Like No. 2 
compressor, this machine came from one of the com- 
pany’s mining properties; the only change being found 
necessary was in the remodeling of the valve gear. 

A 400-h. p. 2200-volt, wound-rotor Allis-Chalmers 
induction motor supplies the motive power.. The 
motor is controlled from a suitable grey marble switch- 
board on which is mounted an oil circuit breaker and a 
six point Cutler Hammer drum controller, cutting out 
the different steps of resistance. On attaining full 
speed, the slip rings of the rotor are short-circuited. 
The motor has a full speed of 300 rev. per min. The 
starter being equipped with a “no-voltage”’ feature. 
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_This compressor is rope-driven, the idlers and the 
tightning devices being fastened to the roof structure. 
The three compressors are on one power feeder from 
the power company’s bus. Each compressor has 
disconnecting switches connected ahead of the oil 
switches in order that the switches and starting equip- 
ment can be readily inspected. 


INDUSTRIAL Morors 


In the rest of the plant there are practically only 550 
volts induction motors varying from 5 to 200 h. p. 

The 550-volt service is derived from a local sub- 
station which is within close proximity of the points 
of supply. The maximum capacity of this station is 
1200 kv-a., there being 400 kv-a. water-cooled, single- 
phase transformers connected delta-delta. The pri- 
mary voltage being 2200 and secondary 605. The 
primary has also a 1990 volt tap. Power is fed to this 
station over a 500,000 cm. line consisting of two cir- 
cuits of 250,000 cm. This line is protected with a set 
of Canadian General Electric aluminum lightning 
arresters at each end. A _ three-panel switchboard 
controls the outgoing feeder circuits supplying, namely, 
a 1000-ampere circuit to the ball mills, a 600-ampere 
circuit to the roaster building and a 600-ampere circuit 
to the leaching plant. Practically all apparatus are 
individually driven, thereby the operation as a whole 
is not materially affected by the shutting down of any 
one machine. 

The same reasons that hold for the preference of a-c. 
to d-c. motors in general industrial work make the a-c. 
motor more desirable for the zine plant operation. 
There being two reasons for this: First, the relatively 
higher alternating voltage that can be used, 7. ¢., 500 or 
even 2200 volts in dry places, and second, the greater 
mechanical simplicity of the a-c. motors, particularly 
that of the squirrel-cage type which is very rugged and 
its initial cost, together with maintenance, being low. 
The operating conditions that exist in a cement mill are 
practically duplicated in the plant which is being 
described (see “Motors on Cement Industry” by [ig Ase 
Williamson, TRANS. A. I. E. E., Vol. XXXVLL, 1918, 
page 1241.) 

On account of the heavy accumulation of dust in the 
motor windings which interfere with the ventilation, 
the machines have to be frequently blown out and 
cleaned off. It is the writer’s opinion that in such places 
where the dust accumulations are heavy, at times 
plugging the air gaps, a motor designed with a wide 
air gap would be more suitable. Of course, a motor 
having this characteristic has a poor power factor, but 
this could be improved if the correction warranted the 
investment by connecting a synchronous or static 
condenser to the feeders supplying the induction 
motors. 

This plant is especially well adapted to take care of 
power factor correction on account of the large capacity 
installed in synchronous motors. 

Probably the most desirable motor for this class of 
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work would be that of the enclosed type, which would 
permit a very close air gap and consequently high 
power factor. Motors of this type are extensively 
used in the anthracite coal fields of Pennsylvania. 

The argument generally advanced against the en- 
closed motor is that of the high initial cost, on account 
of the designer having to be more liberal with iron and 
copper. If, however, the enclosed motor were equipped 
with ball bearings, it seems only reasonable that the 
extra cost would be more than offset by the saving 
brought about in maintenance. 

The roasters are arranged in two parallel lines, seven 
in one and six in the other. The roasters are of the 
wedge type; having seven hearths, each hearth having 
four sets of rabbles operated from the bottom by means 
of a bevel gear driven from a Westinghouse back geared , 
motor. Coal is used as fuel and the roasters are fired 
by hand. 

The gases issuing from the thirteen roasters feed into 
a general flue which in turn passes through the Cottrell 
plant (No. 4 treater). The elementary principles of 
the Cottrell system of dust precipitation are now 
generally known so that an extended theoretical dis- 
cussion would be superfluous. The treater operates 
upon unipulsating direct current which is supplied from 
the rectifier room at a potential of 60 kv. The power 
comsumption is 28.5 kw. 

The electrical equipment consists of an Allis-Chalmers 
38.5 h.p., 3-phase, 550-volt induction motor, a 28- 
kw. 220-volt, single-phase generator and a high-tension 
rectifier; all direct-connected so as to operate in syn- 
chronism, and an Allis-Chalmers single-phase, 220- 
volt to 150 kv. secondary connected to operate at 
75 kv. Low-reactance transformer capacity 25 kv-a. 
The transformer is of special design and is constructed 
in such a manner as to be amply protected against all 
excessive strains placed upon the insulation due to the 
electrical surges arising at times from momentary 
short circuits, or arcing in the treater, as arise con- 
tinuously from the use of the mechanical rectifier, 
which makes and breaks contact in the high-tension 
circuit. 

The voltage in the treater is controlled from the 
switchboard through resistance control by means of 
which the field excitation in the generator can be varied 
over a wide range. This controls the generator poten- 
tial which in turn varies the voltage impressed upon the 
treater. The voltage in the treater can also be regu- 
lated by shifting the position of the stationary contacts 
of the rectifier relative to the poles of the generator by 
which the proportion of the current wave can be con- 
trolled. This method of regulation, however, is only 
used for the making of general ajdustments and is not 
resorted to in the course of ordinary operation. 

The rectifiers are usually set once and for all in such 
a manner as to give contact to that part of the wave 
which will assure smoothest operation when the treater 
is operating under normal conditions. But when the 
conductivity of the gases varies radically, it becomes 
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desirable at times to change the position of the rectifier 


contacts. 
The electrical equipment in connection with the 


concentrator consists of: 
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The above motors are 550-volt machines with the 
exception of those marked “X”’ which are 2200-volt. 
The equipment also included two Ding magnetic 
separators, speed 440, operating on 110 volts d-e. 
The 550-volt service is obtained from two 30-kv-a., 
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1 1S OGL C.W. 1120 Pumping electrolyte from filters to tank room 
1 10 K, C.G.E 1200 Pump, Thickeners to Pachucas 
1 20 Allis 
Chalmers s 
Bullock 830 “~~ Pachucas to Thickeners 
1 20 K, (CONES Tn 900 4 . x 
if 30 (On Gab; Cc. W. 650 2 Pumps, from thickeners to top of building 
1 5 ike, Se @a Geek. 1200 Pump, from filter to thickeners 
6 55 (Oh, (Oh by C.W .—B.G. 1120 Dorr Thickeners 
1 5 CO, Carlin Cc. 690 Dorr Thickeners 
1 5 (Of L On Wir 1120 Drag Classifier 
1 5 it F 690 “ a 
i 7—5 “ —B.G : 1120 . r 
3 7—5 : x : Me Dorr Thickeners 
1 3 a " i Filter 
1 5 Kee" Ds CrGe H: 1800 Pump 
2 5 (ANG) gly C.W. 1120 Spiral Conveyor 
1 5 BG Hf c Belt Conveyor 
1 5 4 e 690 Bucket Elevator 
1 5 i Te OG. Bf 1200 a i 
1 10 (Oh CO), hy Cc. W. 1120 : @ 
1 10 nd : 690 Machine Shop 
Zinc Melting Room.... il 7—5 Clea: C. W 1120 Drossing Machine 
2 5 1120 Pipe Threading Machines 
Lead Burners.......... 1 5 Kea ©..G. EB. 1800 HKmery Wheel 
Plumbing Shops....... 1 3 Cr@ile Cc. W. 1120 Drill Press 


C. W.—Canadian Westinghouse Company, Ltd. 
C. G. E.—Canadian General Electric Company. 
B. G.—Back Geared. 
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Summary of total equipment installed in the Zine Plant: 


Nama of Departments N Total H. P. Aver. H. P. par Aver. Power Aver. Load 
== he ath ed OWED | 1 7m. o. of Motors Installed Motor Installed | Consumption Factor 
No. 1 Generator Room........... aa e eae ree +5 a |-- — = 
Nore) Gon Sravorspn ts... vias dee ts ok Be cei dle i het ewe mee oO ou ao 
Se temey incl. Vacuum pump........ ! ere A eg, nova 5000 kw. 74.25 

a Vit Oe BOS oe ee eh ee pas Z68 G90 PNT Os 
Wedge Roasters, Dryers and Cottrell Plant............. Ap abe 5 oe essen aoe 
_ Leaching Plant, Zinc Melting Room................... 37 rt on repeal Bote 
Lead Burners and Plumbing Shops Coneentrator........ 10 ere ree se ae 2s 5 
a. aaa ae re ea eee Ole 3.75 275 kw. 4.5 
PR Gee mg hed ress. «fe aycr vive suskas.a stars i ee eS : ’ pm past ix - 
Pe aR esis wh sas 120 22692 186 12609.6 kw. 74.25 


The total horse power in motors installed per ton (916 
kg.). Zine is 215.8 h. p., this being figured from the 
theoretical daily capacity at 100 per cent efficiency, of 
the plant which would be 105.6 tons. (95,800 kg.). The 
theoretical capacity is computed from the total ampere- 
hour capacity for 24 hours of the generator equipment: 
this being 2,496,000 ampere-hours. Horse power in- 
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stalled per ton figuring on the actual output of 85 tons 
(77,100 kg.) would be 266.9. 


WATER SUPPLY 


A very interesting development of vital importance 
to the continuous and successful operation of the reduc- 
tion plant is the water supply system, this being of the 


most modern nature. After having experienced practi- 
cally a total shut down one very severe winter due to a 
water shortage, plans were immediately made for the 
construction of a modern pumping station by which 
the plant as a whole would always be assured of an 
ample supply of water. In such a plant as is under 
discussion, there are very few departments that do not 
use water. 

The pumping station is located about a mile (1.61 
km.) up the Columbia River from the reduction plant; 
this point having been chosen on account of the water 
there being pure and free from sediment or taint which 
would make it unfit for domestic or other purposes. 
Also it is not affected by the drainage or seepage from 
the plant. The flat or bench on which the plant is 
situated is about 250 ft. (76 m.) higher than the average 
water surface in the river. The greatest obstacle to 
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be overcome was the great rise and fall of the water in 
the river due to the change of seasons and which at 
this point amounts to about 50 ft. (15.75 m.). The 
company’s engineers overcame all these difficulties and 
have constructed a pumping station of large size and 
great strength at a point low enough to draw up the 
water when the river is at its lowest stage. With a 
sloping tunnel entrance running from a point up the 
river bank well above the highest known water mark, 
the whole has been covered and made absolutely 
water tight. This tunnel is 82 ft. (25 m.) in length. 
The pumps are housed in an arched concrete house of 
extremely heavy construction, being designed so that 
the total weight of the building and machinery over- 
comes the tendency of the structure to float at high 
water and at the same time to safely withstand the 
great pressure of water when the river is in flood. At 
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this time there is 30 (9.15 m.) or 40 feet (12.2 m.) of 
water over the roof of the pump house. 

The floor of the pump house is 1350 feet (412 m.) 
above sea level. The building is 30 feet (9.15 m.) long 
and 20 feet (6.1 m.) wide with an arched roof 14 feet 
(4.27 m.) in height and 18 in. (35.8 em.) in thickness. 
Through the bottom of the pump house three 10-inch 
(25.6 em.) steel pipes lead downward to a covered suc- 
tion forebay from which the supply is drawn. The 
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pumping equipment consists of three 4-stage turbo 
pumps manufactured by Goldie and McCulloch, Galt, 
Ontario. These pumps have a capacity of 1500 gal. 
(5675 liters) per minute against a maximum lead of 
337 feet (102.6 m.) Each pump has a 10-inch (25.6 cm.) 
delivery connected to the 16 inch (40.7 em.) main which 
runs up through the tunnel and is connected to the old 
system. ; 

The pipe lines are built for two pumps, to be opera- 
ting continuously, the third to act as an auxiliary. 


STARTING EQUIPMENT FOR Pump Morors 


Under such conditions the plant has a capacity of over 
4,000,000 gal. (15,130,000 liters) every 24 hours, or 
approximately a sufficient supply for a city of 30,000 
people. 

The pumps are direct-connected to Canadian West- 
inghouse type “HS” induction motors operating at 
1150 rev. per min. These motors are rated at 200 h. p. 
but will deliver 250 h. p. continuously with a rise in 
temperature of 55 deg. cent. They are started through 
auto-transformers which are mounted on the floor 
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directly under an oil circuit breaker. The breakers 
are for motor protection and are equipped with over- 
load tripping coils. An ammeter has been mounted on 
the lid of each switch. For taking care of all seepage 
and leakage a 3-inch (7.6 cm.) vertical sump pump is 
provided; having a capacity of 180 gal. (681 liters) per 
minute against a maximum lead of 50 ft. (15.25 m.). 
The pump is driven by a 5-h. p. 550-volt type C. C. L. 
Westinghouse induction motor and has a speed of 1750 
rey. per min. The motor is controlled by an automatic 
float switch. 

For priming purposes when the river is below the 
level of the pumps, two vacuum pumps are provided, 
being located on the landing at the entrance of the 
tunnel. These are shut down from the pump room 
by push buttons connected to solenoids in connection 
with the starting switches. 

Power is derived from a bank of stepdown trans- 
formers, immediately outside the building consisting 
of three 125 kv-a. single-phase transformers connected 
delta. This bank is fed from a 2200-volt line running 
from the power company’s substation, a distance of 
about a mile (1.61 km.). An outdoor type oxide film 
lightning arrester has been installed to further insure 
the station against a shut down. 


CORRESPONDENCE 
TECHNICAL LITERATURE 
To the Editor:— 

The point raised by Mr. K. L. Hansen in his letter 
published in the April JOURNAL regarding the large 
volume of technical literature is, in my opinion, very 
well taken. 

I have been interested in the discussion on this 
matter which has been taking place lately and I have 
watched with some misgivings the gradual popularizing 
of the JOURNAL which has been going on for years. 
There has been the tendency to cut out mathematics 
and to publish more descriptive material, matter of 
more or less momentary appeal but which, accompanied 
by photographs, attracts the eye. 

It is not the JOURNAL alone which has been following 
this course but the technical magazines generally. 
The motive is undoubtedly to acquire a large circle of 
readers with the ensuing reduction of overhead which 
is very attractive. But we can pay too dearly for 
growth. The fundamental issue as I see it may be 
stated thus: is the present enlarged and rather volum- 
inous JOURNAL doing more to advance the science than 
was the older and less bulky PROCEEDINGS? The real 
desideratum is not a wider circle of readers but a more 
intelligent one which will use what it reads. 

Believing that this question is one of prime impor- 
tance I am taking the liberty of writing to the JOURNAL 
and thus further overburdening an already embarrassed 
magazine in the hopes of stimulating discussion and 
bringing out wider comment. 


PHILIP C. JONES. 
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Underground Alternating-Current Network 


Distribution for Central Station Systems 
BY A. H. KEHOE 


f Associate, A. I. E. E. 
Electrical Engineer, United Electric Light & Power Co., New York, N. Y. 


Review of the Subject.—l. Certain experimental arrange- 
ments for an underground alternating current distribution system 
are covered in the paper. 


2. Low costs and characteristics satisfactory for general utiliza- 
tion of alternating current are contrasted with difficulty of obtaining 
reliability. The advantage of adopting system characteristics which 
will make each service suitable for lighting, appliances, and motors 
is indicated. There is described experience with a combined light 
and power network on one set of mains. Effect of voltage variation 
on incandescent lamp illumination is discussed. An appendix 
covers tests on this subject. 


3. Reliability in service of standard distribution materials is 
considered. Tests on cables are described which indicate that for 
underground distribution conditions, low-voltage cables will eliminate 
arcing faults while high-voltage cable will not do so. 


An appendix 
of arcing tests ts attached. 


4. Certain factors are discussed relative to size of mains and 
location of transformers necessary to make the low voltage network 
clear its own faults. 


5. There is a description of an experimental system consisting 


of several radial high-voltage feeders, the distribution transformers 
of all these being connected on the low-voltage side to a common 
low-voltage cable network. 


6. The reactance of the transformer circuits is almost three 
times that of standard distribution transformers. 

?. The only protective devices used are automatic circuit breakers 
installed in the low-voltage cables between the distribution trans- 
formers and the network. The switches open on a reversal of 
energy from the network and close when the transformers are in a 
condition to supply power to the network. The devices are sensitive 
enough to open on transformer magnetization energy. 

8. Great reliability is obtained for the network as a switch failure 
on a high-voltage fault is the equivalent of a short-circuit on the 
secondary network. 

9. Ability to switch automatically all transformers by con- 
trolling the supply end of the feeder to which they are connected 
allows a higher all-day efficiency due to the saving of tron loss at 
periods of light load. This feature also makes it easy to work on 
high-voltage equipment. 

10. A description of the equipment used in this experimental 
installation and operating results of switch equipment from date of 
installation in April 1922 to March 1924 are gwen. 

11. It is believed that with low-voltage a-c. underground net- 
works arranged as described, the reliability is the same as the 
reliability of the sources supplying the various radial high-voltage 
feeders. The possibility in the future of a protected network 
arrangement of the supply system is mentioned. 


T is the purpose of this paper to describe the design 
and operating results of certain experimental distri- 
bution arrangements! on the 60-cycle system of the 

United Electric Light and Power Company in Man- 
hattan. 

Alternating current distribution has had general use 
on overhead service because of its economy in first cost 
and low operating expense, and the underground service 
has increased rapidly in the past few years because of 
the above conditions. In general, this system’s 
characteristics for utilization of the service has been 
satisfactory. The disadvantage found in variable 
speed motor applications are compensated for to a 
large extent, by the extremely simple constant speed 
motors. Other characteristics in most instances have 
been good. 

Reliability of supply and the adoption of system 
characteristics for services which will make it possible 
to apply universally lamps, appliances and motors at 
any service, are the principal subjects considered in 
this paper. 

The practise in this country has been for most cen- 
tral stations to supply general power service at twice 
To be presented at the Annual Convention of the A. I. E. E., 

Edgewater Beach, Chicago, Ill., June 23-27, 1924. 

1. In an endeavor to describe briefly the designs adopted, 
common terms to explain new conditions have been used. Some 
of these have broader meanings than are applied herein. It is 
believed however that the subject matter will not be misleading 
if these limits are realized. 


the voltage used for lighting or general appliances. 
In a-c. distribution this resulted in having separate 
power services for polyphase motors. There are many 
advantages in having any service capable of supplying 
all kinds of service. The common problem, in con- 
sidering the possibility of combining light and power 
on one set of mains and services, is the permissible 
variation in illumination of incandescent lamps, due 
to changes in voltage. The principal cause of voltage 
variation is the starting current required by motors. 
The writer was unable to discover in 1921 any pub- 
lished information concerning variation in voltage which 
was possible without having a visible change in illumi- 
nation for standard incandescent lamps. Results 
of tests, made shortly after (described in Appendix A), 
indicate that two per cent instantaneous variation in 
voltage cannot be detected and that three per cent is 
the maximum possible for the highest grade service. 
Changes of five per cent, however, will not be observed 
in most conditions found in practise. 

A light and power polyphase network on a single set 
of mains was placed in service with 300-kw. installed 
transformer capacity feeding from five locations and 
having 15 elevator motors, as well as a typical city 
load of apartment lighting, appliances and miscellane- 
ous motors. The calculated maximum lighting voltage 
variation at the services was three per cent. Experi- 
ence of 12 months’ operation is that such a system will 
give illumination without flicker at a lower cost and 
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that its services will be of the so-called universal type, 
in that lamps, appliances, or motors can be connected 
to any of them. ' 

Reliability of supply is of paramount importance to 
any successful system. It is also desirable in designing 
a distribution system to use as much standard equip- 
ment as possible. Our studies of service reliability 
contemplated distribution from substations or other 
sources, with available voltages in excess of 2000 volts, 
and stepping down to values which were suitable for 
standard lamps, appliances, and motors. 

Service equipment has been developed to a high state 
of reliability. Edison systems (d-c. network distri- 
bution) had a large share in bringing this about. 
Present apparatus is considered suitable for a highly 
reliable system. 

The other elements entering into an underground 
a-c. distribution system are— 

(a) Cables—(1) for low-voltage and (2) for high- 
voltage. 

(b) Distribution transformers 

(c) Protective devices 

For reliability in operation standard cables were 
examined to determine their performance in case of 
fault. Tests were made (described in Appendix B) 
which indicate that if an arcing fault develops between 
copper and sheath, on a 60-cycle single-conductor 
cable of less than 220 volts, the fault will burn itself off. 
If an are develops on a similar high-voltage cable, the 
fault will continue if the restoring voltage on rupturing 
the arc is in excess of 1000 volts between conductor and 
sheath, providing the fault current is at least 500 
amperes. At 2000 volts, fault currents as low as 100 
amperes will continue to are. It is thus possible to use 
a network or grid of low-voltage cables which will rid 
itself of arcing faults. High-voltage cables, however, 
must be equipped with protective devices to eliminate 
faults on them. 

If a low-voltage network is designed so that any of 
the conductors which become short-circuited with a 
low resistance path will receive enough current from 
the network to heat the copper of the faulty section 
causing an arcing fault to be set up, then the network 
will be able to protect itself against any faults which 
occur on it. With standard cables, it is necessary to 
have a minimum voltage gradient in the cable of at 
least a six volt drop per 100 ft. to melt solder in the 
joints or damage the insulation, and about four times 
this amount to melt the copper. These relations set a 
maximum size of network cable for any given capacity 
and make it necessary to have certain limiting relations 
for size and spacing of transformers. (Appendix C 
deals with solid short circuits on a low-voltage network). 

With a low-voltage network which will eliminate its 
own faults and with high-voltage cables requiring 
protective equipment to handle faults which may 
develop, it is possible to feed from the high-voltage 
sources to the low-voltage network—(a) radially with a 
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single-feeder, (b) from several radial feeders supplied 
from one or more synchronized sources, or (c) from a 
high-voltage network which in turn is fed from several 
feeders from one or more synchronized sources. 
Obviously, a reliable supply cannot be obtained for a 
network from a single-radial feeder. As a high-voltage 
network requires a quantity of expensive protective 
equipment and extra cable is required to obtain the 
slight advantage of having somewhat smaller capacity 
in distribution transformers, the proper arrangement 
appears to be a network fed in multiple from the 
secondaries of distribution transformers, a number of 
each being connected to any one of several radial high- 
voltage feeders. 

With the use of a low-voltage a-c. network, fed from 
several radial feeders, the distribution of loads between 
different transformers made it appear desirable to 
increase the reactance of the standard transformers in 
order to more nearly balance the loads on transformers, 
and provide relatively high reactance paths in case a 
network is fed from two or more separate synchronized 
sources. Reactance of from two to three times the 
values now in use on distribution transformers is not 
considered excessive for such service. . 

Distribution transformers and; as set up previously, 
high-voltage cables are liable to develop faults which 
will persist. In providing protective equipment for 
the above, it was considered that by installing a circuit 
breaker in the low-voltage cables between each distri- 
bution transformer and the secondary network which 
which would open on a reversal of energy, any high- 
voltage fault would be disconnected from the network. 
The reliability of the system would be much greater 
than the reliability of any switch, as a failure of one 
device would never result in more than a shortcircuit 
on the secondary cables, which can be burned off 
without interruption to the network. In practise this 
is accomplished by having high-capacity low-voltage 
fuses on the network side of the switch, which melt in 
case of switch failure before the cables feeding to the 
network are damaged. No other protective devices are 
used except the customary circuit breakers on the 
supply end of the various high-voltage cables feeding 
the network. 

Since it is possible to get reverse energy from the 
network in the form of iron loss to distribution trans- 
formers in case the high-voltage supply to any feeder is 
disconnected, the switches were made sensitive enough 
to function on these values of reverse energy and were 
made so that they would close automatically in case the 
high-voltage feeder was made alive, and circuit con- 
ditions were such that the transformers would supply 
energy to the network after the switches close. With 
this arrangement it is customary to disconnect high- 
voltage feeders at the supply end and the switches at 
each of the distribution transformers on this feeder will 
open automatically. By doing this at light load 
periods, the remaining feeders connected to the net- 
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work are loaded up to their maximum efficiency point 
or in other words, most of the usual iron loss of the 
distribution transformers and regulators now out of 
service is saved, Thisalso facilitates maintenance work 
on _the high-voltage cables and transformers. It is 
estimated that the improvement in all-day efficiency on 
most systems receiving power from steam generating sta- 
tions will offset a large part of the cost of the protective 
equipment. The elimination of all the usual protective 
equipment installed at distribution transformers or at 
sectionalizing points on the high-voltage cable is also 
a distinct saving. 

The first installation of equipment in Manhattan was 
made with 29 switches supplied from four high-voltage 
feeders. Standard distribution transformers were 
equipped with external reactance, making the total 
reactance 8.7 per cent on this installation. (It is pro- 
posed to use 10 per cent total reactance on additions). 
The system was started on April 12, 1922 and has been 
in continuous service up to April 1st of this year. 


The automatic switch equipment used consists of a 
carbon circuit breaker provided with a closing coil, 
and a latch which is tripped by the armature of a low 
voltage auxiliary relay. The circuit of the auxiliary 
relay is controlled by the main or master relay and as 
its electrical source is from the transformer secondary 
side of the switch, it is also used to actuate the contacts 
which make and break the closing coil circuit. The 
closing coil is thus prevented from receiving energy un- 
less the potential is sufficient to cause the switch to 
- close. The main relay is of the induction disc type 
and has two current circuits and one potential circuit, 
so that with the switch open one circuit is shunted 
across the open contacts of the switch in series with a 
resistance of the ballast type (tungsten lamps are 
generally used). The potential coil of the relay is 
connected across the network and the relay thus closes 
its contacts only if the transformer is capable of supply- 
ing energy to the network. When the switch is 
closed, this coil is short-circuited by the switch and 
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the second current coil actuates the relay. This is 
connected to the terminals of a magnetic shunt in the 
cireuit between the distribution transformer and the 
switch. It receives a large component of the current 
from the transformer to the network for currents of 
5 per cent of switch rating. For larger current values, 
the magnetic shunt saturates and only allows a slight 
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increase of current in the main relay coil. This coil 
with the potential coil across the network makes the 
relay function as an energy directional device and its 
contacts open the low-voltage auxiliary relay circuit in 
case of a reversal of energy, even of the magnitude Of 
magnetization energy of the transformer. The relay 


has spring adjustment to keep closed its contacts with 
the network dead, and auxiliary electrical circuits to 
compensate for the spring adjustment when the net- 
work is alive and give a positive range in adjustment 
for either opening or closing the switch. 

An auxiliary contact is provided to close a circuit 
to a resistance across the transformer side of the switch 
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when the main switch contacts are open. This 
resistance is used to melt a wax indicator in case the 
transformer secondary is made alive for several 
minutes without having the switch close its contacts. 
A failure of a network switch to automatically close is 
thus indicated on inspection. 

Fig. 1 shows four switches connected for a single- 
phase demonstration. The end switches on either side 
are of the first type produced, while the two center 
switches are of the later three-pole type for three-phase 
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service. Connection with the distribution transformers 
is made at the bottom. (In this case with external 
reactors in series). The network connections are at 
the top of the switch through a link fuse. Most of the 
essential elements are more clearly shown in this 
figure than in Figs. 2 and 3 which are illustrations of 
actual installations. The switch has been tested for 
manhole operation. All of the switches in service to 
date, however, have been in waterproof vaults. 

It is the practise to cut out one or more of the four 
feeders supplying this service at different times during 
the day, depending upon the loading conditions. It is 
not possible to obtain full economy owing to the limited 
size of the present installation and the necessity of 
keeping at least two feeders always in service. 

Fig. 4 shows the calculated efficiency curve of a 
radial feeder and its distribution transformers. Dielec- 
tric losses and secondary network copper losses are not 
included. It is evident that maximum efficiency point 
is about one-half full load kv-a. As long as there are 
feeders out of service it is desirable to keep the load 
on feeders in service below the maximum efficiency 
load indicated, for shorter network cable feeds and to 
have available capacity in service for reliability of 
supply. 

Fig. 5 is the substation duration curve of the load in 
kilowatts. It shows the number of hours per year that 
the load exceeds any given percentage of the peak load. 
If the capacity of feeders and distribution transformers 
is assumed to be 20 per cent in excess of the peak (this 
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amount can only be realized in practise on a network) 
and the kv-a. duration curve of the particular network 
is assumed to be like Fig. 5, then there is less than 1500 
hrs. per year when the feeder loadings will exceed 50 
per cent of their capacity, which is assumed above to 
be the maximum efficiency point. The possible im- 
provement in all-day efficiency is dependent upon the 
number of feeders supplying the network, but in prac- 
tise this can fall between eight and twelve on the basis 
of having two in service at low-load periods. 

In the installation of this experimental automatic 
multiple-feed net-work supply, feeder capacity and 
amount and arrangement of distribution capacity were 
made liberal to be certain that all unusual conditions 
would be met. It was found that with high-reactance 
transformers it is unnecessary to space distribution 
transformers so that any particular district is supplied 
from all the sources of supply, it being sufficient that 
several sources be adjacent to the district. 

The practise of disconnecting feeders at their sources 
during light load periods has given operating experience 
and has developed equipment faults which otherwise 
would have required a long time to develop. Since the 
principal purpose of this equipment is to give reliability 
to the supply, it is advantageous to know any switch 
which will not function on a reversal of energy. When 
the source is disconnected, the switches are subjected 
to a relatively small amount of back feed and in case 
of failure to open, the network will feed back to the 
source and the particular switch failure can be located 
on inspection. 
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Since April 12, 1922, the date the network was placed 
in service, there have been no failures of any 
kind that affected the service on the network. 
Three transformers grounded and in each case the 
feeders were disconnected from their source, which 
immediately cleared the transformer from the network. 
Several single and polyphase short-circuit tests were 
made on the high-voltage feeders in conjunction with 
tests on some oil circuit breakers. In every case the 
network supply was continuous and satisfactory. ‘The 
failures of switches to function with 48,232 total opera- 
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tions has been 440 (see Table I). Many of the failures 
are not failures to open, as one-half the total operations 
are those of closing the switches automatically. Fail- 
ures to open are in all cases with magnetization of trans- 
formers as the load. It is probable that some of these 
would have functioned if the occasion had been a high- 
voltage fault. With one or two hand-made sample 
switches of a new design, much better results have been 
obtained. A quantity of new switches is being manu- 


_ factured at present and should be in service early this 


summer. Many of the faults now occurring will be 
remedied when it is possible to replace existing equip- 
ment on the system and make necessary changes to 
eliminate the failures which have developed. Weexpect 


TABLE I. 
NETWORK SWITCH OPERATIONS 
Number and Type of Failures 


1922 1923 1924 


Apr.12]| Jan.1 
to to 
Dec. 31 | Dec. 31 


Jan. 1 
to 
Mar. 22 


Cause of Failure 


Sticking of no-voltage relay core... 
Poor contacts on no-voltage relay 
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5 
PARCEL at AIEO Soh, corse ie nev alicve%ele oe 3s 8 
Failure of pallet switch............- 14 
Burnt switch leaves..........<:..- 3 
Master relay out of adjustment... . 3 
Friction in master relay..........- 27 
Dirt on master relay contacts...... 2 
Dre.ON PElAy, OISC <5 sic ciel © ©. uaieiwis 2.610 1 
Burnt out closing coil (cause 


ot 
OCONGMFONWSM 


CORN OOWNW 
| oma 
or 


AITMEHO WED) Lee tt lee ose ois. Bis,a: 00s 4 3 1 8 
Burnt out closing coil (caused by 
faulty no-voltage relay switch) 3 () 0 3 


Burnt out closing coil (caused by 
switch chattering due to faulty 


VET v 8 Cd Aten Oe ie ee ae 1 () 0 1 
Switch chattering...............- 5 0 10) 5 
Lead to closing coil burnt out...... - 0 (8) 1 
Tripping mechanism out of adjust- 

IDOUNG ees ceeer ee wee wT ee ee os 0 24 2 26 
Causés—undetermined*.........- 130 17 0 147 
Causes—Miscellaneous.........-- 1 4 (0) 5 

Totaltallures fae. scsi. << 281 144 15 440 
Total operations.......-. 26,451 19,602 2,179 48,232 
Per cent failures.........--.---: 1.062 0.734 0.688 0.912 


*Includes switch failures from undetermined causes and back feeds on 
undetermined switches. 


this class of equipment to give operating results ulti- 
mately which will compare with modern railway signal 
equipment. At present they are inspected once every 
two weeks. Itis believed that except at heavily loaded 
periods these will be extended to periods of six weeks. 
The new switches on order and those now in service 
when reconstructed will equip to capacity 12 radial 
high-voltage feeders and place in service about Six 
times the present number of switches. 

Our experience indicates that with this design of 
underground a-c. low-voltage network, fed from 
several different sources, the reliability will be the same 
as the reliability of the sources supplying the various 
radial high-voltage feeders. 


With the increased capacity in low-voltage networks, 
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it will be possible to supply the feeders from two or 
more separate bus sections so that all the sources will 
not be affected by faults on one section. A develop- 
ment of this arrangement of operating separate bus 
sections in multiple makes the supply system take on 
the character of a network, in that it is possiblé to 
transmit the entire capacity of the generators to the 
low-voltage network, yet the capacity concentrated in 
any part of the system is a relatively small part of the 
total capacity. It will, of course, be necessary to equip 
the generating system with the usual protective devices, 
although of reduced capacity, compared to that re- 
quired for a system where paralleling of as many supply 
points as possible on each bus has the effect of increasing 
the capacity available at that point. 


Appendix A 


VOLTAGE VARIATION EFFECT ON INCANDESCENT LAMP 
ILLUMINATION 


Tests were made during 1921 and 1922 of the effect 
of voltage variation on incandescent lamp illumination 
to determine possible amount and rate of variation 
without noticeable flicker. The results depend upon 
the particular observer, but as the object was to obtain 
the limits, the observers used for final results were the 
ones that indicated low values consistently. 

A slide wire resistance was used to vary the voltage 
on the lamps. For instantaneous rates the resistance 
was cut-in and cut-out of the lamp circuit by means of a 
knife switch. For other rates of change, apparatus 
was constructed to move the slider on the resistance at 
various rates of speed. By measuring the volt drop 
per inch of resistance, the rate of change in volts per 
second on the lamp was determined. In order to 
eliminate the effect of starting and stopping, short- 
circuiting sleeves were put on the resistance so that only 
definite changes in voltage could be made from start 
to finish. The observers were located in a dark room 
with no extraneous source of light remote from the 
voltage varying device. 

Complete sets of tests were made with 25-watt lamps 
and with 100-watt lamps. 

Tests were made with one lamp 18 in. from the 
observer’s paper. 

Another set of readings was taken with two lamps 
18 in. apart and 18 in. from the observer’s paper. One 
lamp being flickered and the other being held at 
constant potential. 

Similar readings were taken with the lamp source 8 ft. 
from the floor with the observer sitting under it in a 
chair reading. 

Tests were made with two lamps 8 ft. from the floor, 
located 18 in. apart, one being flickered and the other 
held constant. 

Under all of the above conditions, one set of tests 
was made with decreasing voltage, a second with in- 
creasing voltage, and a third with decreasing voltage 
and then restoring the same to original value. 
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In Fig. 6 there are four curves showing change in 
voltage necessary kefore flicker is noticed in respect to 
rate of change in voltage per second. 

The surmary of results of above tests is as follows: 

1. That within limits the slower the rate of change, 
the greater the total voltage change necessary before 
flicker is noticed. 

2. That after a certain point the voltage variation 
is noticed, no matter how slowly the change is made. 

3. That at high intensities the candlepower does not 
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RErapiInc NEWSPAPER 


Curve A—Two Lamps, 8 ft. from paper and 18 in. apart voltage on one 
lamp varied. 

Curve B—Two Lamps, 18 in. from paper and 18 in. 
one lamp varied. 

Curve C—One Lamp 8 ft. from paper. 

Curve D—One Lamp 18 in. from paper. 

(Mazda Type B 115-Volt Lamps were used. The same results were 
obtained with 25 and 100-Watt Lamps and with increasing and decreasing 
voltage). 


apart voltage 


make an appreciable difference, but that at low inten- 
sities the flicker is less noticeable, the lower the 
intensity. 

4. The greater the distance to the light source, the 
larger may be the total voltage change before flicker 
is noticed. 

5. That when there is an additional source of light 
of constant intensity, a greater voltage change is 
necessary before flicker is noticed. 

6. That the same variations are noticed whether 
the voltage is increasing or decreasing. 

7. That when the drop is made instantaneously the 
same variations are noticed, if the volts are dropped and 
allowed to remain at the lower value, as when the 
voltage is dropped and immediately restored. 

8. That at ranid rates of change the maximum 
allowable variations ere from two to six volts and at 
very slow rates of change from four to eighteen volts, 
depending upon the condition of illumination. 

The above results have been found to be in general 
agreement with the operating experience of several 
engineers in using lamps on the same circuits with 
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motors. A recent paper ‘Voltage Fluctuation and Its 
Effect upon Lighting’ by C. A. Williams, before the 
Pennsylvania Electric Association in Philadelphia, 
contains considerable data on the subject. 


Appendix B 
ALTERNATING CURRENT ARC TESTS 


Single-conductor cables were tested by removing a 
section of lead and insulation and setting up an arc 
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Energy Source 


Ammeter 


Cable Sample -3' 


60-CycLE S800-Ky-a. Moror- 


TESTS. 
GENERATOR SET Direct or witH 100-Kvy-a. 2750/220-VoutT 
TRANSFORMERS CONNECTED PARALLEL-SERIES 


Fig. 7—A-C. Arc 


between conductor and sheath with a fuse wire short 
circuit. The circuit arrangements are shown in Fig. 
7, resistance being utilized to limit the are current for 
all except the larger values of current used. Results 
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of tests are plotted in Fig. 8 to 13 inclusive, and 
characteristic oscillograph results are also shown on 
following pages. 

Comparatively few tests were made at points where 
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arcs continued, as it was attempted to define the highest 
values where they would not persist beyond the first 
few cycles. One set of tests was made ‘on d-ec., which 
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showed similar characteristics, although the voltage 
values were considerably reduced. (Fig. 14). 


Appendix C 
SELF PROTECTING A. C. NETWORK 


When cables are subject to solid short circuits they 
heat up to an ultimate limit where the copper melts, 


3000 


2000 


1500 


RESTORING VOLTAGE-R.M.S. 


500 


0 100 


200 
R.M.S, CURRENT (AMPERES) 


300 400 500 


Fic. 13—A-C. Arc Dara. No. 3 Capiz 9/32 In. Paper 
1/8 In. Leap 
3000 
| 
st 

2500 I re §us' eine | 
n 
= 2000 
(2 
Ww 
oO 
<= 
Bas 
g 1500 
Oo 
= 
a 
(o) 
= 1000 <4 
w x 3 Trials 

500 


0 100 200 300 400 500 600 
R.M.S. CURRENT (AMPERES) 


Fic. 14—A-C. Arc Dara. 80,000 Crr. Min Casie 3/32 IN. 
RussBer 3/32 In. Leap 


provided there is a sufficient potential drop maintained 
across the shorted conductors. This potential drop is 
a function of time, which, for fusing in less than one 
minute, is dependent upon time only, irrespective of 
copper cross section; while for time of fusing of over one 
minute, insulation thickness and overall diameter of 
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OSCILLOGRAMS—Source of Supply, 800-Kv-a., 60-Cycle Motor Generator Set 


Fic. 15—4/0 CasLe—6/32 In. Rusper anv 1/8 In. Leap 


Short-circuit on 1-100 kyv-a. transformer. 3 per cent internal and 3 per 
cent external impedance. Open circuit voltage 220 r.m.s., 292 max. arc 
voltage 133 max. are held 7!% cycles. At beginning of third, fifth and 
seventh cycles and middle of fifth cycle, current does not flow until voltage 
is near maximum value and does not reach full value as voltage rapidly 
diminishes. Current is in phase with voltage. Max. value of current 
7100 amperes. 


« 


Fig. 16—4/0 CasteE—6/32 In. Rupper anv 1/8 In. Leap 

Short circuit on one 100-ky-a. transformer, 3 per cent internal impedance. 
Open circuit voltage 220 r.m.s., 293 max. Arc voltage 117 max. arc held 
3 cycles and tried to reestablish on second half of fourth cycle. Max. value 
of current 11,100 amperes. 


Fig. 17—4/0 Caste—6/32 In. Rusper anp 1/8 In. Leap; 
Y ¢ © > 
COVERED WITH 2-Frr. Piece or 3-IN. Fisre Conpurt anp Rags 
STUFFED IN ENDS 

Short circuit on one 100-ky-a. transformer, 3 per cent internal impedance. 
Open circuit voltage 220 r.m.s., 300 max. are voltage 117 max. arc held 
4% cycles and tried to reestablish on seventh cycle. Max. value of current 
11,850 amperes. Probably the attempt to reestablish was due to being in 
conduit and took place before same was fully cleared of gas by the explosive 
force. ; ; 


Fig. 18—4/0 Casuz, 6/32 In. Rupper anv 1/8 In. Leap 

Short circuit on two 100-kv-a. transformers in parallel; 3 per cent 
internalimpedance. Open circuit voltage 220 r. m.s., 300 max. arc voltage 
150 max. arc held 11 cycles. Max. value of current 13,100 amperes. 
Shows the cessation of current at zero potential until voltage has risen 
enough to restore arc. 


Fic. 19—Same as Fig. 18 Excepr Cantus SAMPLE WAS 
COVERED WITH CoNDUIT AS FOR Fia. 16. Exptosive Forces 
CLEARED ConbuIT ALMost INsTanTLY aND Arc Hexp 1/2 
CYCLE 


Fic. 20—4/0 Cante—6/32 In. RusBER AND 1/8 In. Leap 

oe circuit voltage 900 r. m.s., 1300 max. Resistance to limit current 
to,45 amperes r. m. 8, Max. current when arcing 782 amperes. Arc held 
until Switch was opened and film shows end of current wave, which is 
fairly smooth and indicates that arc was well sustained. 
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Fig. 21—4/0 CasLe—6/32 In. Ruspper anp 1/8 In. Leap 


Open circuit voltage 787 r.m.s., 1215 max. current-limiting resistance 
to limit current to 480 amperes r.m.s. Max. current when arcing 748 
amperes. This film was taken in middle of arc time which was extinguished 
by opening switch. Are probably would have died out, as near the end 
of the film the current stays at zero value for part of the cycle (on several 
cycles). 


Fra. 22—4/0 Caste—6/32 In. RusBeR anv 1/8 In. Leap 


Open circuit voltage 687 r.m.s., 1000 max. resistance to limit current 
to 490 amperesr.m.s. Max. current when arcing 765 amperes. Arc held 
10 cycles under these conditions. 


/ + 
Fic. 23—4/0 Castpe—6/32 In. Rupser anv 1/8 In. Leap 
Open circuit voltage 780 r.m.s., 1100 max. Resistance to limit current to 
500 amperes r. Mm. 8. Max. current when arcing 803 amperes. Shows arc 
attempting to break at zero value of current and voltage. Gaps of more 
than % cycle are indicated. 
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cable become additional factors. These two latter 
factors show little divergence, for the general cable 


Fig. 24—4/0 Caste—6/32 In. Rupper anv 1/8 In. Leap “ 

Open circuit voltage 880 r.m.s., 1210 max. resistance to limit current 
to 480 amperes r. m. s. max. current when arcing 765 amperes. This arc 
held and switch was opened finally. Shows sputtering of arc and attempts 
to break. Voltage was sufficient to keep on restoring arc. Indentation 
in voltage waves are where arc restores suddenly. 
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sizes which would be used in networks. Thermal 

capacity curves for this cable are shown in Fig. 27. 
Since a minimum limit of six volts per 100 ft. is 

required to melt soldered joints and break down the 
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chemical structure of ordinary insulating material, 
this fixes the maximum transformer spacing. The 
choice of minimum. voltage gradient in the designing of 
a self-clearing network will lie between the above value 
and 24 volts per 100 ft., which is the minimum voltage 
gradient required to fuse the copper conductors. 

The maximum transformer spacing for a simple net- 
work is numerically equal to the phase voltage of the 
network, divided by the chosen voltage gradient.' This 
spacing may be increased by making the network more 
complex, for example, the transformer spacing may be 
doubled by employing parallel maines tied together 
midway between transformer points. The configura- 
tion of the network grid is fixed usually by the arrange- 
ment of streets in the district. It is desirable to have 
transformer spacing and junction points of the grid 
coincide for the purpose of economy and regulation. 

Determination of the maximum transformer size 


VOLTS PER HUNDRED FEET 


oLt 
0 
MINUTES 


+. 27—Voutracre Reeuirep To CLEAR SHort Circuits ON 
200,000-500,000 Cir. Min Casies 


can be made from the load density and maximum 
spacing. 

In order that destruction of copper under network 
short circuit may occur in the cable and not in the trans- 
former, it is desirable that fusing current of the cable 
shall not be more than twice the current which can be 
carried safely for the required time by the adjacent 
transformer bank. 

The maximum limits of transformer size, spacing and 
cable size are thus established for a self-protecting 
network. 

Cross section of the cables may then be reduced to a 
size which will give the allowable regulation with the 
maximum instantaneous increment of current likely 
to be obtained. Transformer size may then be reduced, 


1. On the basis of maintaining constant secondary voltage 
at transformers. 
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with the accompanying reduction in spacing and cable 
size until an economic balance is reached between trans- 
formers and cable, keeping in mind the ultimate growth 
in the district. Any reduction made in transformer 
size and spacing or in cable size will not affect the 
ability of the network to burn off short circuits. 


For the district of Manhattan where the experimental 
network installation was installed the system contem- 
plated 200,000-c. m. single-conductor cables on both 
sides of all streets, transformers located at each street 
intersection, and a maximum grid spacing of 880 ft. 
in one direction and 280 ft. in the other. It was found 
that with 10 per cent reactance transformers, at least 
25 kv-a. per phase would be required to give sufficient 
current to maintain more than the required six-volt 
drop for the extreme case of secondary short-circuit. 
This is considerably lower than the load density of the 
district requires. 


THE AMPERE TROUGH EXPERIMENT* 


ITS EXPLANATION BY THE USUAL ELECTRO- 
MAGNETIC LAWS 


In the Journal of the Franklin Inst. p. 559, Nov. 
1921, Carl Hering describes a modification of the 
classical Ampere trough experiment for whose ex- 
planation he believes the usual electromagnetic laws 
inadequate. The present paper gives detailed experi- 
mental and mathematical analysis of this circuit. 
The circuit is a wire rectangle A BC D, 70 cm long, 
25 cm wide, interrupted at the center of one long side, 
CDby troughs of mercury, of rectangular cross 
section, 4 em by 1 cm deep, perpendicular to C D and 
spaced 5 cm between centers. With the bridge close to 
C D on either side, there is no perceptible force. With 
the bridge inside the rectangle and 2 cm to 20 em from 
C D, the force is away from CD. With the bridge 
inside the rectangle and more than 20 em from C D, the 
force is toward CD. With the bridge outside the 
rectangle and more than 2 cm from C D, the force is 
away from CD. If the length of conductor in the 
circuit be increased by movement of the bridge, an 
increase of inductance is possible even with a decrease 
of the area enclosed by the circuit. Calculation shows 
a maximum or minimum of inductance in regions where 
the direction of force changes. The bridge always 
moves so as to increase the inductance. Inductance 
measurements check the calculated values. Further- 
more, analysis of the forces between the bridge and the 
other elements of the circuit by the usual laws explains 
the observed movements of the bridge. Recently 
published results of Morecroft, A. I. E. E., p. 1191, 
Nov. 1928, confirm these conclusions.—F. W. Grover, 
J.P. Daz and J. Turnbull, Union College. 


*Abstract of a paper presented before the American Physical 
Society, April 25, 1924. 


The Cleveland Heights Substation 
of the Cleveland Electric Illuminating Company 


BY H. L. 


WALLAU 


Fellow A. I. E. E. 
Cleveland Electric Illuminating Co., Cleveland, Ohio 


Review of the Subject.—Originally designed for railway ser- 
vice in small units, the use of the non-attended automatic substations 
has gradually been extended to substations feeding d-c. networks and 


a-c. lighting and power distributions of increased capacity and 
importance. 


They are justified economically up to the point at which the fixed 


N automatic (self-restoring circuit) a-c. substation 
for the supply of service in a high grade resi- 
dential suburb of Cleveland, was put in com- 

mission in the latter part of 1920 as a manually- 
operated station, and upon the completion of the in- 
stallation of the necessary relays, the operators were 
withdrawn and its operation as a full automatic sub- 
station begun toward the latter part of January, 1921. 

The operating results obtained at this station have 
been most gratifying and other stations of this type 
will be installed in such locations as may warrant them. 

Because of the character- of the neighborhood in 
which the substation site was located, it was essential 
to combine sightliness with utility. To this end, a 
reinforced concrete building of one story and basement 
was designed along pleasing architectural lines, and 


Fiq. 1—Virw oF SuBsTATION BUILDING 


the outside finished in ornamental stucco. A wall of 
similar finish was put around the property and orna- 
mental gates installed for the entrance of vehicles 
and pedestrians. Care was taken to preserve a large 
elm in front of the station. Fig. 1 shows the exterior 
of this building and a glimpse of the outdoor trans- 
former installation. 

The electrical lay-out is quite simple. 3000-kv-a. 
transformer banks installed out-of-doors at the rear 
of the buildings are fed each by an 11-kv. cable circuit 
of the same capacity. The cable terminates in a three- 
phase pothead from which the leads are led to the 
transformer units through an air-break disconnecting 
switch, the three poles of which are mechanically 


To be presented at the Ann ual Convention of the A. I. E. E., 
Edgewater Beach, Chicago, Ill., June 23-27, 1924. 
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charges and operating costs on the additional equipment required 
over and above a manually-operated station, equal the costs of 
attendance. 


A description of an a-c. station having an ultimate capacity of 
12,000 kw. follows, emphasis being laid wpon the more interesting 
features of design. 


interconnected and operated simultaneously by manual 
control from below. Three such banks totalling 
9000-kv-a. are now installed. Fig. 2 shows a one-line 
diagram of connections. 

The low-tension sides of the transformers are con- 
nected for 2300 volts delta and are led through single- 
conductor lead-covered cables to oil breakers located 
in a masonry structure in the rear of the building, 
which structure also houses the necessary disconnecting 
switches, current and potential transformers. 

Connection is made through these oil switches to 
each section of the distribution board, of which there 
are now three; ultimately four will be installed. 


Brake Switch 
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Fig. 2—GreneraLt WirRING D1AGRAM 


The transformers are equipped with watthour meters, 
wattmeters and maximum demand indicators. 

Protection is obtained by means of overload induc- 
tion type relays on the sending end of the transmission 
cables and reverse-current relays on the low-tension 
side of the transformers, thus cutting out a cable and 
bank as a unit in case of failure of either. 

This arrangement has led to the practical elimination 
of 11-kv. busses, incoming line breakers and breakers 
on the high side of the transformer banks, reducing 
space and equipment requirements to a minimum. 

Each section of the distribution board has, in addition 
to a tie panel connecting it to the adjacent section, 
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seven feeder panels which normally have outgoing 
circuits connected to them. There is, however, a 
duplicate spare panel to which any feeder may be 
transferred when it is desired to inspect the oil breaker 
or work on any equipment. This transfer is 
effected by means of a duplicate 4/0 wire bus and single- 
phase potheads at each panel. Any equipped panel not 
connected to an outgoing line may be so used, however. 

The feeder breakers are 600-ampere, 25,000-volt with 
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Fic. 3—Wirine Dracram or SELF-RESTORING HQuIPMENT 


a rated interrupting capacity of 25,500 arc amperes at 
2500 volts. The maximum ultimate short-circuit cur- 
rent has been computed at 28,100 amperes with all 
sections tied together and a dead short-circuit on the 
bus. 

The timing relay is adjusted for three reclosures at 
seven-second intervals. In addition, there is a lock- 
out relay set for 80 amperes (900 amperes at 2200 volts) 
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which prevents the reclosing of the feeder breaker upon 
a short circuit of this or greater magnitude. 

Feeders are equipped with compensators controlling 
motor-operated induction regulators, three single- 
phase units being used in each circuit. The spare 
panel also has regulators as part of its permanent 
equipment. 

Each phase of the outgoing circuits is equipped with 
a thermal demand ammeter to indicate the maximum 
load carried on each phase, so that overloading of 
equipment may be guarded against and any necessary 
circuit balancing taken care of. Fig. 3 shows the 
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wiring diagram for the self-restoring control and Fig. 4 
the regulator control wiring. A view of the switch- 
board is shown in Fig. 5. 

The regulators and station supply transformers are 
located in the basement and housed in cells. These 
cells are provided with a drain to an oil sump and with 
a knock-out curb which will prevent flooding the floor 
with oil, in the event a regulator case should be split 
in two under a violent short circuit. 

Fig. 6 is an illustration of this portion of the instal- 
lation. 


Fig. 5—GrNERAL ViEW oF 2300-VoLT SwITCHBOARD 


All circuits leave the building underground, the 
cables being trained in vaults on each side of the build- 
ing which connect to a large manhole in the front. 

The station has been designed for a total capacity 
of 12,000 kv-a., but space is available for a fifth trans- 
former bank, should the load requirement demand it. 
This would permit an average peak loading of 500 
kv-a. each on the 24 feeders eventually to be installed. 
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with the fifth bank in reserve. Since the 100-ampere 
regulators can easily carry a two-hour lighting peak 
of 125 amperes, no change in equipment will be re- 
quired to carry 12,000 kv-a. should it be necessary to 
install the fifth bank previously referred to. 

The balance between the cost of operators’ wages and 
the additional fixed charges and maintenance expense, 
due to the additional equipment installed over that 
required for a manually operated station, will be 
reached with the number of circuits planned and will 
lie between 9000 and 12,000 kv-a. of peak load, de- 
pending upon the average peak load carried per feeder. 
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Magnetic and Electrical Properties 


of the Ternery Alloys FE-SI-C.” 
BY T. D. YENSEN 


Member, A. I. E. E. : 
Research Engineer, Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 


Review of the Subject.—The variations in the magnetic 
properties of iron and iron-alloys, even of supposedly constant 
composition, have been puzzling to the users and investigators of 
ferro-magnetic materials ever since the introduction of such materials 
for electrical apparatus. The author started to investigate this 
problem over ten years ago at the University of Illinois, and has 
continued it at the Westinghouse Research Laboratory since 1916, 
concentrating on iron and iron-silicon alloys. While the results 
obtained do not eliminate 100 per cent of the difficulties, they go a 
long way in that direction. 

It has been found that carbon is largely responsible for the varia- 
tions, because of the fact that amounts so small as previously to be 
regarded as traces—less than 0.01 per cent—remain. dissolved in the 
iron in the solid state, even after slow cooling, and have a tremendous 
influence on the magnetic properties. Of much less effect is carbon 
precipitated as pearlite, free cementite and graphite, the effect being 
in the order named. If the effect of dissolved carbon be represented 
by 100, the effect of carbon as pearlite ts 16.5, of carbon as Fe3 C 2.26, 
and of carbon as graphite nearly nil. The form assumed by carbon 


—aside from the carbon in solution—depends largely on the silicon 
content, and can best be explained by referring to Fig. 9. 

Besides carbon, it has been found that the grain size has a large 
and definite influence on the magnetic properties, due to the accom- 
panying intercrystalline amorphous cement that may be regarded as 
an impurity similar to other intercrystalline impurities. 


The detrimental effect of sulphur, phosphorous and manganese 
on pure iron is in the order named, while phosphorous has a beneficial 
effect on high silicon alloys. 

The evidence oblained is to the effect that the increased reluctivity, 
coercive force, or hysteresis loss, due to carbon and other impurities 
that are precipitated combined with iron—including in this class 
the inter-crystalline cement—is caused by the inherent corresponding 
property of these precipitated impurities. 

Regarding the tremendous effect of carbon in solution, it is 
suggested that this is due to the entering of carbon into the more 
or less stable equilibrium arrangement of the ferro-magnetic struc- 
ture, upsetting this equilibrium arrangement. 


I. Introduction 


HE superiority of Si-steel over plain iron for mag- 
‘le netic purposes was discovered by Hadfield in 
1899. 

The steel, containing 4 per cent silicon, was first 
used commercially in England in 1903? and immediately 
proved a decided success. The first patent in the 
United States* on silicon steel was granted Hadfield 
on December 1, 1903, but it was not until 1906 that the 
first transformer was built in this country using the 
new steel. Since that time silicon steel has been used 
almost exclusively for transformers, both here and 
abroad, with an enormous saving in energy, and it is 
still without a competitor, in spite of the many investi- 
gations! made for the purpose of discovering one. 
However, the 4 per cent silicon steel of today is much 
better, magnetically, than Hadfield’s original steel, 
due to improvements in manufacturing processes, in 
raw materials and in methods of heat treatment. 


1. Barrett, Brown & Hadfield; Sci. 
Soe. VII, Ser. 2, part 4, January, 1900. 

Journal Inst. Elec. Engrs., Vol. 31, 674 (1902). 

2. Hadfield: History of the Metallurgy of Iron and Steel 
Proc. Inst. Mech. Engrs., February, 8, 1915, p. 332. 

Yensen: The Development of Magnetic Materials, Elec. 
Journal 18, p. 93, March, 1921. 

3. U.S. Patent No. 745, 829. 

4. See: Trans. A. I. E. BH. 34, p. 2455 et seq. Oct. 1915, 
Historical Review, Bull’s 72 and 83. Eng. Exp. Stn. Univ. of 
Ill., Historical Reviews. 

Abridgement of paper presented at the A. I. E. E. Midwinter 
Convention, Philadelphia, Pa., February 5, 1924. 
copies available to members on Pontes 


*Owing to the publication of this paper with incorrect illus- 
trations in the May JourNat it is repeated with corrections 
in this issue. 
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Roughly speaking, the hysteresis loss is only one-half 
and the maximum permeability is at least twice that 
of Hadfield’s steel, but these improvements were largely 
accomplished prior to 1910. During the last ten years 
the average improvement, as far as can be gathered, 
has been approximately 1 per cent per year, and this 
improvement has been due more to minor improve- 
ments in the heat-treatment than to refinements in 
composition. 


RESUME OF PREVIOUS INVESTIGATIONS 


The effect of the ordinary impurities on the magnetic 
properties of iron and iron alloys has not to any great 
extent formed the main object of systematic scientific 
investigations. The most probable reason for this is 
that the factors influencing the magnetic properties 
are too numerous and were not sufficiently well known 
to enable the investigators to eliminate the undesirable 
variables. The objects have rather been to determine 
the magnetic properties of alloys of iron with elements 
that will, or may, bestow decidedly new and useful 
properties upon the iron, and to disregard the effect 
of such incidental impurities as usually occur in com- 
mercially pure iron of the best grades. Hadfield,® 
for example, used Swedish charcoal iron as the base for 
his investigations and prepared his alloys under com- 
mercial conditions. Burgess and Aston® on the other 
hand attempted to get away from this uncertainty 
and were the first to use electrolytic iron as the base 
for their alloys. Unfortunately, however, the prepara- 

5. Barrett, Brown & Hadfield: Sci. Royal Dublin 
Soc. VII. Ser. 2, p. 4, January, 1900. 

Journal Inst. Flec. Engrs. 31, p. 674, (1902). 


6. Trans. Am. Electrochem. Soc. XV. p. 369, (1909). 
& Met. Engr., January, February, March, daisy 1910. 
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tions were made under conditions (a Hoskins carbon 
plate furnace) that reintroduced carbon in varying 
amounts into their alloys and they consequently lost 
the advantage they had in using a pure base. When 
the writer started his investigations in 1912 he took 
advantage of the results of Burgess and Aston and 
prepared his alloys in a vacuum furnace in such a way 
that carbon was further eliminated rather than rein- 
troduced, with the result’ that the magnetic properties 
obtained, both for pure iron and for iron-silicon alloys, 
were far superior to those obtained by previous investi- 
gators. The results for pure iron were later confirmed 
by Gumlich, using Fischer electrolytic iron and vacuum 
treatment.® 

In these cases, the efforts were concentrated on 
eliminating and on keeping away the impurities, but in 
spite of these efforts it was impossible to obtain con- 
sistent results and to duplicate results. Not having 
control over some of the most important factors, and, 
what was worse, not even knowing what they were, it 
was evidently useless to attempt to determine the 
effect of impurities that might produce changes far 
less than the changes caused by the uncontrollable 
impurities. Aside from the usual impurities, the ques- 
tion of grain size enters as an important factor affecting 
the magnetic properties. Ruder has found’ in the 
case of silicon steel that the larger the grain size the 
better the magnetic properties; he also showed how 
the grain size could be increased, by cold deformation 
followed by high-temperature annealing, without, 
however, being able definitely to control it. 


PRELIMINARY WORK 


When, in 1916, the writer transferred his activities 
to the Research Laboratory of the Westinghouse Com- 
pany and there tried to duplicate the results previously 
obtained at the University of Illinois, difficulties were 
encountered. The results for pure iron checked fairly 
well but not so for the iron-silicon alloys. The magnetic 
properties were generally very much inferior and the 
more so, the higher the silicon content; furthermore, 
the results varied depending upon the grade of silicon 
used, in spite of the fact that chemical analysis of the 


7. Univ. of Ill., Engr. Exp. Sta.. Bull’s 72, 77, 83, 95, 1914-17. 

8. Wissenschaftliche Abhandlungen der Physikal. Tech. 
Reichsanstalt, Berlin, 1915-18. 

ETZ. 36, pp. 675-77, 691-94 (1915). 

Phys. Zeitschr. 19, pp- 434-36 (1918). 

ETZ. Nos. 26 & 27 (1919). 

Stahl u. Eisen, 41, p- 1249-54 (1921). 

For a rod sample of electrolytic iron cut from a cathode sheet 
and annealed in a vacuum furnace at 1000 deg. cent. Gumlich 
obtained the very low coercive force of 0.115 gilberts/em. after 
subjecting it to a magnetizing force of H = 150;a value that has 
not been obtained for fused electrolytic iron. However, a 
value of H, = 0.10 was obtained by the writer in 1915 for ring 
samples of 3.0 per cent Fe-Si Alloys. (See: University of 
Illinois Eng. Exp. Sta. Bulletin No. 83, p. 67, Table 13, or 
Trans. A. I. E. E., Vol. 34, p. 2664, Table 10). 

9. A.I.M.E. Trans. 1918, Pp. 2805. 


alloys revealed no consistent differences. After a 
great. deal of experimentation on 4 per cent Fe-Si 
alloys, it was found that annealing under oxidizing 
conditions at a temperature of 950, 1100 deg. greatly 
improved the magnetic properties, while annealing 
in vacuum, hydrogen or nitrogen had no such beneficial 
effect. By applying this method of heat treatment to 
the original series of Fe-Si alloys, it was found that all 
of the alloys were susceptible to the treatment. Some 
responded very quickly (an hour or two at 1100 deg.) 
while others were much more resistant (requiring 8 
to 10 hrs.) but in all cases, the maximum permeability 
reached 20,000-35,000 and the hysteresis loss 400-550 
ergs per cu. em. per cycle for B= 10,000 gauss. 
Furthermore, it was found that commercial 2 and 4 
per cent silicon steels could be improved to nearly the 
same extent as the laboratory prepared alloys. Analy- 
sis of the gases given off during the annealing confirmed 
the suspicion that carbon was being eliminated and 
quantitative tests revealed some relationship between 
the magnetic properties and the amount of carbon 
eliminated. It was concluded that elimination of car- 
bon was the cause of the improvements, although direct 
evidence in the way of chemical analysis of the annealed 
test pieces was not yet obtainable for the reason that 
the methods available were not sufficiently accurate 
for this purpose, bearing in mind that 0.05 per cent 
means high carbon. On account of the great impor- 
tance attributed to carbon a new method was developed 
for carbon analysis!” whereby the sample to be analyzed 
could be heated first to 600 deg. cent. in vacuum and 
then to 1100 deg. in oxygen, and the resulting CO» 
frozen out in a liquid air trap and measured by the 
pressure exerted when evaporated into a known evacu- 
ated volume. An accuracy of + 0.0001 per cent was 
obtainable by this method and this furnished the means 
for getting the desired data. 

A number of samples of 2 per cent and 4 per cent 
silicon steels variously decarbonized, were tested and 
analyzed for carbon. The results completely verified 
the expectations, the curves for hysteresis loss vs. 
carbon content having the equation. 


W,, = 5870 x C5 (1) 
for 4 per cent Si steel, and 
W, = 9650 x C-* (2) 


for 2 per cent Si steel. 

These equations forming the first approximation to 
the true relationship between the magnetic properties 
and carbon, would, if correct for all carbon contents, 
lead to the startling conclusion that zero carbon should 
correspond to zero hysteresis loss and that carbon is 
the only factor affecting the magnetic properties, as 
none of the other impurities, nor the structural charac- 
teristics, was considered in plotting the above data. 
Before drawing such sweeping conclusions, however, it 


10. Carbon in Iron, Trans., Am. Electrochem. Soc. 37, P. 
227 (1920). 
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was deemed advisable to get more reliable data, to use 
test samples in the form of rings, and to determine 
carefully the effect of impurities like S, P and Mn. 

In order to cover the range of probable silicon con- 
tents it was decided to investigate the four series: 
0, 2, 4, and 6 per cent silicon. The effect of S, P and 
Mn was investigated for the 0 and 4 per cent alloys 
only. 


II. Hysteresis Loss 


By the method of approximations, using a separate 


ate ene Ss 


0 010... 0.20; 0.30, .040 050 -'060 0.70 
MANGANESE CONTENT PER CENT 


— 


on geese 


_ 


HYSTERESIS LOSS -ERGS PER CUB. CM. PER CYCLE 


—! 
0 0.02 004 006 008 0.10 
SULPHUR CONTENT PER CENT 


0.12 0.14 


Fig. 1—Errecr or Mn, P anv S on THE Hysrerzsis Loss 
or Purp [Ron 


set of test rings for each element, the effect of S, P and 
Mn was determined for 0 per cent Si and for 4 per cent 
Si alloys, the result being shown in Figs. 1 and 2, and 

can be expressed by the equations: 
For 0 per cent Si: W, = 18000 x S + 18000 x P 
+ 1000 x Mn (3) 
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For 4 per cent Si: W, = 12000 x S — 4000 x P 
+ 800 X Mn (4) 
(Where W,, = hysteresis loss in ergs per ce. per cycle 


for B = 10000 gauss and S, P, Mn are percentages of 
these elements.) 


By means of these results, the effect of S, Pand Mn 
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was eliminated from the total measured hysteresis loss 
of the main sets of alloys (using equation (3) for 0 and 
2 per cent alloys and equation (4) for 4-6 per cent alloys) 
and thus obtaining the net loss due to carbon and 
structural characteristics,!! as shown in Figs. 3 and 4 for 
0 per cent Si: in Fig. 5 for 2 per cent Si: in Figs. 6 
and 7 for 3.5 and 4 per cent Si; and in Fig. 8 for 5-6 
per cent Si. In looking for the possible causes of 
the large deviations of some of the points from the curve 
for low carbon contents and bearing in mind in this 
connection the results obtained by Ruder!? it was found 
that for constant low carbon contents (C<0.006 per 
cent) there appears to be a fairly definite relationship 
between the hysteresis loss and grain size, expressible 
by the equation: 

(N = no. grains per sq. mm.) (5) 

W, = 65 /N 
whereas for higher carbon contents (C>0.02 per cent) 
the relationship can more nearly be expressed by the 
equation: 

W, =35GN ' (6) 
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By making corrections for grain size in accordance with 
these equations, it will be found that all the curves 
for hysteresis loss vs. carbon coincide for C <0.008 
per cent, irrespective of the silicon content. 

W,, = 100000 x C (7) 
What, at first, therefore appeared as a difference in the 


effect of carbon on Fe and Fe-Si alloys has resolved 


itself into a difference caused by the action of silicon: 
First, by its action on the grain size, namely, that 


without silicon the normal grain size is small and it is 
difficult to get large grains, while with silicon (4 per cent) 
the normal grain size is large and small grains can be 
had only by severe mechanical working; second, by 


1]. The incidental impurities in the Fe-Si-C alloys were as 


follows: 


S 0.001—0.026 per cent 
iB 0.002—O0.005 per cent 


Mn 0.001—0.005 per cent 
12. Loe. Cit. 
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_the action of silicon on the form 
action of s of carbon, namely, by 
precipitating it as graphite instead of as reaniite for 
carbon contents in excess of about 0.08 per cent. The 
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conclusion can, therefore, be drawn that the effect of 
carbon is the same on unalloyed iron and on 4 per cent 
Fe-Si alloys and depends only upon the form in which 
it occurs. 
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For higher carbon contents, the curves deviate a 
great deal as seen in Fig. 9, where all the curves have 
been redrawn for inter-comparison. 


FORM OF CARBON 


A great deal of consideration has been given to ex- 
plaining these peculiar effects of carbon on the hystere- 
sis loss. As the curves developed, it was naturally 
suggested that the various effects of carbon might be 
due to different forms in which carbon might exist in 
the iron. Pearlite being the familiar form in slowly 
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cooled iron, it was natural to suggest that this was the 
form in which carbon exists in unalloyed iron in the re- 
gion 0.1 to 1.0 per cent. It was also thought, since 
the effect in the region 0.01 to 0.1 per cent was much 
less, that carbon here might be in the form of Fe,C 
unassociated with ferrite. Finally, it was believed, on 
account of the tremendous effect of carbon in the region 
below 0.01 per cent, that carbon here must be in solu- 
tion in the iron, entering into the crystal structure of 
the iron and distorting the space lattice and up- 
setting the equilibrium condition upon which the 
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ferromagnetic properties depend. The slope of 
the other curves above 0.01 per cent C suggested 
that for the 2 per cent Si alloys carbon becomes 
pearlitic immediately above 0.01 per cent instead of 
passing through the region of free Fe;C between 0.01 
and 0.10 per cent as in the case of 0 per cent Si. The 
horizontal curves for 4-6 per cent silicon suggested 
carbon as graphite, an inert material without any effect 
on the magnetic properties. The curve for 4 per cent 
Si, in the region 0.01-0.10, coincides with that for 0 
per cent Si, indicating that carbon here might be in the 
form of Fe;C. At that time the knee of the curves 
had not been definitely located, but it was known to be 
in the neighborhood of 0.01 per cent. In the mean- 
time, Mr. N. B. Pilling had been investigating the prob- 
lem metallographically and it was gratifying to find that 
his results substantially confirmed the original assump- 
tions. According to his results, carbon is all in solu- 
tion below 0.005 per cent, 7. e., there is no visible trace 
of precipitated material for lower carbon contents, even 
by using nitrobenzol etching reagent that attacks Fe,C 
without attacking the ferrite, and 1000 diam. magnifica- 
tion. On the other hand, there is a possibility that car- 
bon continues to go into solution to some extent above 
0.005 per cent at the same time as it is partly pre- 
cipitated, perhaps depending upon the annealing 
conditions. The shape of the curves (Figs. 3-7) 
indicates that there is no sharp dividing line, and 
subsequent evidence is to the effect that carbon 
continues to go into solution to some extent up to 0 02 
per cent. 


13. Since writing the manuscript for this paper, a very interest- 
ing contribution to the subject of solid solutions has been made 
by Dr. Walter Rosenhain: ‘“‘Solid Solutions,” issued with Mining 
and Metallurgy, June, 1923, Trans. A. I. M. E., 1923, Reprint 
No. 1250-N. In this paper Dr. Rosenhain explains the ‘“‘Sub- 
stitution”’ theory of solid solutions. according to which atoms of 
various metals are capable of displacing each other in the space 
lattice of the crystal structure. The amount of solubility and 
the effect the solute has on the solvent will largely depend upon 
the relative properties of the atoms of the solute and the sol- 
vent. Such substitution would in any case result in some change 
in the forces between the adjacent atoms of the solvent, and 
some sort of distortion of the lattice is bound to follow, the more 
so the greater the difference between the two atoms. Most of 
the well known phenomena of solid solutions are satisfactorily 
explained by this theory. In regard to carbon and phosphorus 
Dr. Rosenhain believes that their atoms are so small compared 
with those of iron that they can find room in the lattice 
interstices, but, with effects similar to those of ‘‘substitu- 
tion” atoms. It is readily seen that this theory harmonizes 
very well with the suggestion given above as to the action of 
dissolved carbon on the magnetic properties of iron. Dr. Rosen- 
hain purposely avoids discussing the beneficial effect of silicon (and 
aluminum) on the hysteresis loss of iron, and merely remarks that 
this effect may be due to a neutralizing effect on the distortions 
caused by the impurities present. In view of the results given 
in the present paper it would seem, however, that the beneficial 
effect of silicon is independent of the impurities, and is due to 
the causes as stated in the above. 
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THE QUESTION OF GRAIN SIZE AND INTERCRYSTALLINE | 


IMPURITIES 


The question naturally arises: Why should the grain 
size affect the magnetic properties? There must be 
something that increases as the grain size decreases, 
and upon which the hysteresis loss partly depends, or, 
in other words, that causes an increase in the hysteresis 
loss over and above that due directly to carbon and 
other impurities. As far as is known at present, there 
is only one material that increases as the grain size 
decreases and this is the amorphous intercrystalline 
cement, so called. It is, therefore, logical to conclude 
that there is a definite relation between the amount of 
this material and the hysteresis loss. It has been 
shown that the hysteresis loss per unit volume for 
alloys with carbon in solution is proportional to /N. 
It can also be shown that the amount of the intercrys- 
talline material per unit volume is proportional to 
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VN." It follows, therefore, that the hysteresis loss 
is directly proportional to the amount of the inter- 
crystalline cement, and that the latter acts just like 
any other intercrystalline impurity, such as Fe,C, 
pearlite, FeS, etc. 

Another question that remains to be answered is in 
regard to the mechanism by means of which these 
intercrystalline impurities increase the hysteresis loss. 
Does the loss occur in the impurities themselves, or do 
they increase the loss in the ferrite grains by-disturbing 


14. Assume that the grains are cubes and that the number of 
grains per mm.*, N, is the same in every direction. Let the 
thickness of the cement be mm. No. grains per mm.3= N32 
and each grain has a volume of 1/N3/2mm.3 Each grain is 
bounded by 6 faces of 1/N mm.?_ Assign one-half the thickness 
of the intererystalline cement to each grain, then the volume of 
cement per grain is one-half x 6 Xt X1/N =3t/N mm.3 
Vol. of cement per cu. mm. = 3t/N N?2 =3¢ VN mm or 
vol. of cement per unit volume = 3% ¥ WN units. 
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the uniformity of the flux distribution? Or, do they 
act merely as inert material, like graphite or air, having 
relatively speaking, no capacity for conducting a mag- 
netic flux? In favor of the first suggestion speaks the 
fact that pure pearlite, consisting of Fe;C and ferrite, 
has a maximum permeability of 1000 and a hysteresis 
loss of about 15,000 ergs, 13,500 of which is due to 
Fe;C as pearlite (the remainder being due to carbon in 
solution). This is nearly 15 times the loss for iron 
saturated with carbon in solution. (0.006 — 0.008 
per cent C). Now, pearlite consists of about 18.5 per 
cent Fe;C and 86.5 per cent ferrite, and it is difficult 
to conceive how a reduction in the amount of active 
ferrite of only 18.5 per cent can possibly increase the 
flux density in any part to such an extent as to increase 
the hysteresis loss to 15 times the original value. On 
the other hand, how can we account for the difference 
in the effect on the hysteresis loss of Fe;C as free 
cementite and of Fe;C associated with ferrite as 
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finely divided form of pearlite than when it occurs un- 
associated with the ferrite. It follows from this that 
the hysteresis loss of Fe;C must be approximately 

13500/0.185 = 100,000 ergs per cu. cm. per cycle. 

If Fe,C saturates at a flux density of less than 3000 
gauss, as stated by Honda, the flux density in the Fe;C 
with 10,000 gauss in the pearlite (obtained by a mag- 
netizing force of 15 gilberts) would be considerably 
less than 3000 gauss. Suppose, for the sake of cal- 
culation, that it is 2500 gauss in the Fe;C, corresponding 
to a loss of 100,000 ergs. Applying Steinmetz’ co- 
efficient 1.6, the hypothetical loss corresponding to 
10,000 gauss would be 
Wro = Wo.s (10/2.5)"® = 100,000 x 4':° = 913,000 ergs. 
Now, by regarding Fe;C as 6.67 per cent carbon dis- 
solved in iron, and applying the formula for dissolved 
carbon, (7) namely, 

W, = 100,000 x C 
the loss for pure Fe;C for B = 10,000 gauss should be 


TABLE I 
CALCULATION OF HYSTERESIS LOSS BY MEANS OF COMPOSITION & MICROSTRUCTURE. 4% SI-STEEL 


Hysteresis Loss 
Heat Treatment Composition ergs per cub. cm. per cycle for B = 10000 
Grain- See Figs. 20-23 and Equations Total Loss Difference 
Size 

Speci- Ann’l.| Ann’l. Grains Due to 

men Gage | Temp |Period| Atm. Si (6; S: P Mn per |Due to|Due to] Due to|Due to Grain 
No. mils eG hrs. % % % % % mm.” Cc Ss 12 Mn Size | Calc. | Act ergs % 

A. 4% S i-Steel Remelted in Vacuo : 

M-203A| 125 900 4 : zy g 3.98 | .0270| .024 .018 .110 |jest.4 895 290 —70 90 10 PAIS MIPS S'S BIO] so 4 
204A 7 ee 53 ES a 4.01 | .0287] .020 .019 m0) et 900 240 —80 95 10 1150 | 1180 | + 30} + 3 
203B rd 1100 2 iat 3.98 | .0033| .024 | .018 UK OM | ee 330 290 —70 90 90 730 680 | — 50| — 7 
204B sa! > ate | 453 4.01 | .0030! .020 .019 sletO ty 4 300 240 —80 95 90 635 635 0 0 

B. 4% S i-Steel Decarbonized by annealing in F e3 O04 at 1000°C. Not Rolled 
M-14-10| 375 1000 20 Vae | 4.09 | .0049| .027 .018 .125 0.12] 490 320 —70 100 20 860 775 | — 85| -—10 
30 = re ~ % 3.95 | .0028| .026 022 .130 jest.0.10) 280 310 —90 100 20 620 620 0 0 
40 % ae i aie es 3.85 | .0033] .036 021 .130 * 0.10) 330 430 —80 100 20 800 877 | + 77| +10 
50 * « * ¢ 3.87 | .0022]| .027 .016 .135 0.10) 220 320 —60 110 20 610 675 | + 65| +11 
60 = ¢ CN 4.06 | .0229! .028 .016 ola 1.0 890 340 —60 110 3 1283 | 1242); — 41 — 3 
r C. 4% Si-Steel. Not decarbonized. Rolled to various Gages in Commercial Mill. 
M-14-00|) 375 1000 2 Vac | 3.97 | .058 029 015 .120 |est. 37] 950 350 —60 95 110 1445 | 1420 | — 25| — 2 
Ol} 112 = Mg = .040 = i «“ lact. 145} 930 4 x : 435 1750 | 1790 | + 40/ + 2 
02 56 s .036 ‘ 75| 920 4 7 fi 225 1530 | 1530 0 0 
03 438 .025 189} 895 Hy i a 570 1850 | 1940 | + 90} + 5 
05 14 .031 t 225| 910 et 4 e 675 1970 | 1870 | —100|} — 5 


pearlite, the ratio of the former to the latter being as 
1 to 7. Furthermore the permeability of Fe;C, even 
at 1000 gauss (it saturates at less than 3000 gauss),’° 
is so extremely low compared with that of ferrite with 
0.008 per cent C at 10,000 gauss that the amount of 
flux passing through the Fe,;C would be very small, 
unless the Fe;C formed a more or less continuous barrier 
across the flux path. 

The only conclusion we can arrive atis, therefore, that 
there must be a hysteresis loss in the intercrystalline 
impurities, including in this term the amorphous 
intercrystalline cement, and that the more or less 
continuous films formed by these impurities force the 
flux to pass through them, and furthermore, that more 
flux passes through the cementite when it occurs in the 


15. Honda & Murakauri: Spec. Magnetism of Cementite, 
Tohoku University, Sci. Repts., 6 p. 23-29, 1917. 


W,, = 100,000 x 6.67 = 667,000 ergs. 


While these two results differ considerably (25 per 
cent) it is interesting to note that by these two different 
methods of approach, we can arrive at figures for the 
loss of Fe;C that are of the same order of magnitude, 
and that the hysteresis loss of Fe;C should approach 
1,000,000 ergs for a flux density of 10,000 gauss if such 
a flux density could be reached. 


CALCULATION OF HYSTERESIS LOSS 


The numerical coefficients for the effect of carbon on 
the hysteresis loss are given in Fig. 9 and by means of 
these, in conjunction with equations (3), (4), (5) and 
(6), the hysteresis loss for any Fe-Si-C alloy can be 
closely calculated from its composition and structural 
characteristics. Thus, in Table I, three different sets 


of 4 per cent Si alloys of widely different characteristics 
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have been tabulated together with their actual hystere- 
sis loss and the loss as calculated from their composition 
and structure. While the maximum errors amount to 
+ 10 per cent it will be noted that the algebraic mean 
errors for the three sets are= 0.5 per cent, + 1.6 per 
cent, and 0 per cent respectively, and the mean error 

- for all of the sets is only + 0.48 per cent, showing that 
by taking the mean for a few samples, the individual 
errors due to analysis are eliminated and very accurate 
results are obtained. 


| Il. 


While the hysteresis loss is a good criterion of mag- 
netic quality, the coercive force vs. carbon for 0 per 
cent Si will be given because it serves to.tie together 
the results of the present investigation with those 
obtained by the German investigators, Gumlich and 
Steinhaus in the Physikalish Technischen Reichsanstalt.® 
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In discussing the effect of martensitic carbon, formed 
by quenching, on the coercive force, Hc, these invest- 
igators give the following figures: 

0.01 per cent C as pearlite increases Hc by 0.07 gauss 

0.01 per cent C as martensite increases Hc by 0.80 

gauss 
These results were obtained for medium and high carbon 
contents, aS means were not available for analyzing 
very low carbon contents directly. 

The present data in regard to coercive force have been 
plotted in Fig. 10, giving the following results: 

For 0— 0.006 per cent C: He = 80XC 12. «4, 
0.01 per cent C produces a coercive force of 0.8 gil- 
berts per cm. 

For 0.01 — 0.09 per cent C: AH-=0.8 X AC, i.¢., 
0.01 per cent C increases Hc by 0.008 gilberts per em. 

For 0.10 — 0.90 per cent C:A Hc = 5.4 X ACji.e., 
0.01 per cent C increases Hc by 0.054 gilberts per cm. 

Comparing these results with those obtained by 


16. HETZ. 36, pp. 675-77, 691-94, 1915. 
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Gumlich and Steinhaus, it is seen that our coefficient 
for carbon contents less than 0.006 per cent is just the 
same as theirs for martensitic carbon, (carbon in 
solution) thus confirming again our previous conclusion 
that carbon in amounts less than 0.006 — 0.008 per 
cent is all in solution. 


o Rings from Forgings 


‘ E ® Rings from Ingots 
¢ Rods from Forgings 


wo 
DS) 


De) 
> 


0.4 0.6 0.8 
ONTENT- PER CENT 


a 
a 


@ 


0 0.004 0.008 0.012 0.016 0.020 0.024 
CARBON CONTENT- PER CENT 


0.028 


Fig. 11—Maximum PERMEABILITY vs. CARBON CONTENT 0 
Per Crnt St. No CorrecTION MADE FOR INCIDENTAL IMPURI- 
TIES OF GRAIN SIZE 


In the case of pearlitic carbon, Gumlich and Steinhaus 
give AHc = 7.0 X AC, whereas the present data give 
AHc=5.4 X AC. This disagreement is readily under- 
stood, if, as is probable, they assumed that all the 
carbon is precipitated as pearlite by cooling slowly from 
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900 deg. or above. On this assumption, by drawing a 


straight or slightly curved line from the origin through 


the points obtained for He corresponding to carbon 
contents of 0.1 to 1.0 per cent, a coefficient of 7.0 can 
readily be obtained, but based on the present results 
this is obviously not correct. 
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IV. Permeabili ee 
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these curves and those for hysteresis loss, the general 
shape is the same. 

In Fig. 17 will be found representative B-H curves 
I and other data for 0, 2, 4 and 6 per cent Fe-Si alloys 
with low carbon contents (0.002 — 0.003 per cent). 
| The maximum permeability is practically the same for 
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shape of this curve is almost identical with that of the 
curve for hysteresis loss (Figs. 3 and 4). Asa matter of Fria. 16—Minimum Rexvctiviry (= 1/umaz) VS. CARBON 
fact, the ratio of the slopes of the various parts of the CONTENT FOR Fr-S1 Anitoys. No CorRECTION MADE ON 
curve, OA; B Ge GoDasio455: 1: 6.78 or nearly the Account or INCIDENTAL IMPURITIES AND GRAIN SIZE 

same as for the hysteresis loss (98: 1:7 .4) and for the 
coercive force (100: 1:7.6), Fig. 10-alitanust;= there- 
fore, be concluded that these three quantities: mini- 
mum reluctivity, hysteresis loss, and coercive force 
are all identical functions of the carbon content and 
of the state of carbon. 


all of them, 25,000, but the high induction permeability 
and saturation value decrease in proportion to the 
silicon content. The hysteresis loss and coercive 
force are seen to be higher for the 0 per cent Si than for 
the other alloys on account of the smaller grain size. 
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V. Electrical Resistance 


1. Fe-C, Fe-Mn, Fe-S and Fe-P alloys. The data 
in regard to electrical resistance have been plotted in 
Fig. 18, giving the following results: 

1. Pure Fe has a resistance of 9.6 microhms per cu. 

em. at 20 deg. cent. 

2. With addition of Mn, 

p=96+7 X Mn. 
3. With addition of S, 
p=96+12xS. 

4, With addition of P, 

p =96+ 60 xX P+ 3.5 X (P— .015). 
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Upper limits P = 0.015 per cent P = 0.12 per cent. 

5. With addition of C, 
p.= 9.6.4- 82.5<x C+ 4.5 x (C — 0.02) 
Upper limits C = 0.02 per cent C = 0.85 per cent. 
C in Sol. Cas Fe; C and 

Pearlite. 

Whether the sudden rise above 0.85 per cent C (the 

eutectoid point) is real or due to an experimental error 

can not be stated, because 1.0 per cent C was the limit 
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of the carbon content. This same statement must be 
made in regard to the sudden rise in the curve for Fe-P 
alloys for P>0.12 per cent. With these exceptions, 
these curves for electrical resistance in general check 
those for hysteresis loss as shown in Figs. 1, 2 and 38, 
and thus serve the useful purpose of confirming the 
conclusions on p. 8 in regard to the relationship be- 
tween carbon and iron. 

2. Fe-Si Alloys. The results obtained for 0-6 
per cent Si are shown in Fig. 19. 

This curve can be expressed in the form of an equa- 
tion: 

p = 9.6 + 18.4 X Si + 11.1 x (Si— 0.35) 
Upper limits Si = 0.35 per cent Si = 6 per cent 
that is, the curve is composed of two straight lines with 
a slight bend at Si = 0.35 per cent.” 


Vi 


1. Of the ordinary impurities in Fe and Fe-Si 
alloys, carbon has by far the most detrimental effect 
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on the magnetic properties, because even in very slowly 
cooled materials it all exists in solution (martensite) 
in amounts up to 0.007-0.008 per cent, and continues 
to go into solution to some extent up to 0.02 per cent. 
Its effect on the magnetic properties of all Fe-Si alloys 
in this range is the same and as far as the hysteresis 
loss is concerned is expressed by the equation: (W, 

= ergs per cu. cm. per cycle for B = 10,000 gauss, 
and C = carbon content in per cent). 


W, = 100,000 x C. 

2. In amounts greater than 0.007-0.008 per cent, 
in addition to the amounts in solution, carbon is pre- 
cipitated in one or more of three forms; depending 
upon the Si-content (See Fig. 9). 

(a) Graphite (in 4-6 per cent Si) with practically 
no effect. 


17. The solid points were obtained by the writer at the 


University of Illinois in 1915. (See Bull. No. 83, Eng. Exp. 
Sta.) 
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(b) Fe;C (in 0 and 4 per cent Si) with the effect: 
AW), = 2250 x AC. 

(c) Pearlite (in 0 and 2 per cent Si) with the effect 
AW, = 16,500 x AC. 

3. Of the other impurities, sulphur has the most 
detrimental effect: W, = 18,000 x S for 0 per cent 
Si and W, = 12,000 x S for 4 per cent Si and should 
be eliminated as far as possible. Mn in small amounts 
is harmless, and P, while detrimental to a limited 
amount (0.016 per cent) for 0 per cent Si, is actually 
beneficial for 4 per cent Si. 

4. In addition to the ordinary impurities, it has 
been found that the magnetic properties depend to a 
large extent upon the grain structure, in particular 
upon the intercrystalline amorphous cement. Denot- 
ing the number of grains per sq. mm. by N, it has been 
shown that for low carbon contents: (for carbon in 
solution) the effect of grain size on the hysteresis loss 
may be expressed approximately by the formula: 

W, = 65 VN, 
whereas for precipitated carbon the effect may be ex- 
pressed more nearly by the formula: 

W,=3N. 

5. The hysteresis loss of any Fe-Si-C alloy, con- 
taining the ordinary impurities, S, P and Mn in small 
amounts, as for instance commercial electrical steels, 
can be calculated with a good degree of accuracy by 
means of the relationships given above, using for this 
purpose the same constants for 0 and 2 per cent silicon 
and 4-6 per cent silicon. 

6. The evidence obtained is to the effect that the 
increased hysteresis loss, due to carbon and other 
impurities that are precipitated combined with iron, 
is caused by the inherent hysteresis loss of these 
precipitated impurities. 

7. As it is found that the hysteresis loss (for carbon 
in solution) is proportional to the amount of the inter- 
crystalline amorphous material, it is concluded that the 
latter can be regarded as belonging to the same class 
as the precipitated impurities, and that the increased 
hysteresis loss, due to decreased grain size consequently 
is caused by the inherent hysteresis loss of this amor- 
phous material. ; 

8. Regarding the tremendous effect of carbon in 
solution, it is suggested that this is due to the entering 
of carbon, into the more or less stable equilibrium 
arrangement of the ferro-magnetic structure, and up- 
setting this equilibrium arrangement. 

9. The conclusions reached by means of the hys- 
teresis loss are confirmed by the results obtained for 
the coercive force, minimum reluctivity and electrical 
resistance. , to oF 

10. An attempt has been made in this investigation 
to separate the various factors influencing the magnetic 
properties. On account of the large number of factors 
involved and the large number of separate steps re- 
quired to obtain the data for the various sets of samples, 
the conclusion may in some individual case be based 
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on what may seem insufficient evidence. However, 
if the results are viewed as a whole it will be seen that 
evidence in one part of the investigation can be used 
to strengthen evidence in other parts that may seem 
rather scant if taken by itself. The writer does not wish 
that the results be considered as final in regard to the 
various factors affecting the magnetic properties, but 
it-is firmly believed that they are qualitatively correct 
and that they have opened a new path in the unexplored 
region of magnetism that may be of service in the 
further exploration of the same. 


ACKNOWLEDGEMENTS 


The alloys were prepared partly by Mr. E. F. Long, 
partly by Mr. A. A. Frey and partly by the writer; 
the annealing has been attended to largely by Mr. D. C. 
Mayne; the carbon analysis has been done partly by 
Mr. A. L. Shields and partly by Mr. D. C. Mayne. 

The magnetic testing has been done under the direc- 
tion of Mr. Thomas Spooner; the chemical analysis, 
other than the carbon analysis, under the direction of 
Mr. C. J. Rodman; and the micro-analysis under the 
direction of Mr. N. B. Pilling. 

All of the above work has been done in the Research 
Laboratory under conditions insuring great accuracy 
and the results are therefore believed to be as reliable 
as is possible with the time and money available. The 
writer feels greatly indebted to all the above colleagues 
and takes this occasion to express his appreciation for 
their valuable cooperation. 


FARM LIGHTING PLANTS IN GREAT 
BRITAIN 


Individual electric plants are not very widely used 
on farms in Great Britain, but are found to a consid- 
erable extent on large country estates and are becom- 
ing increasingly popular for use in small country 
bungalows. As a rule thay could be arranged to fur- 
nish power for pumping or for other industrial pur- 
poses, but in practise are rarely so used. 

They are probably most popular in Scotland, the 
American Consul at Glasgow estimating that there 
are from 6000 to 7000 in the whole of Scotland. They 
are reported to be extensively used also in the Bir- 
mingham district and in the Leeds, Sheffield, and 
Bradford districts, which would indicate that their 
use is more general in the Midlands than in other parts 
of England. It is reported that in the Plymouth dis- 
trict they are quite common on large country estates 


‘and farms, from 4000 to 5000 having been sold in the 


County of Devon. They are not generally used in 
Ireland, and the few that are in operation are em- 
ployed for large country homes and hotels. 
Estimates from London agencies and dealers indi- 
cate that the use of individual lighting plants is 
steadily increasing. It has been found impossible to 
obtain figures as to the number of such plants in use. 
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ILLUMINATION ITEMS 


By the Lighting and Illumination Committee 


GLARE AND ITS RELATION TO EYE SIGHT 
CONSERVATION 


PROF. F. C. CALDWELL, OHIO STATE UNIVERSITY 

The human eye has gone along through count- 
less years, with little change in what was demanded from 
it. It worked through the daytime, for the most part 
looking at rather large objects, and when it became 
dark it generally ceased to function. Now, within just 
a few years this has all changed. The use of the eye 
for fine work, for reading and for fine manufacturing 
‘operations, has been very greatly increased and then 
in addition, we are demanding that it do much of its 
work under artificial light which, furthermore, in many 
cases is far from good. 

The change of lighting facilities has been so sudden 
that men, trying to use the new illuminants in the same 
way that they haveused the old through countless genera- 
tions, are likely to produce bad results. Of old, the 
problem of lighting was little more than the problem 
of getting the work near enough to the puny flame so that 
it could be seen, and few and far between were those 
who did work which needed even so much light. It is 
not strange, therefore, that many make sorry work of it 
when they set out unaided and without study to pro- 
vide themselves with the new light. 

The importance of glare has been recognized by regu- 
lations against it in the industrial and school lighting 
codes, drawn up by the Illuminating Engineering 
Society and followed closely in the laws of.several states. 

We may note three elements in the production of 
glare. These are excessive brightness, excessive volume 
of light flux, and excessive contrast. Though excessive 
brightness is probably the commonest and most gener- 
ally recognized source of glare, the other two are also 
deserving of careful study. The seriousness of glare 
from too great brightness has enormously increased 
during recent years on account of the introduction of 
the tungsten filament lamps, especially the gas-filled 
type with spiral filament. Even the earlier lamps were 
too bright to make their use without screening devices 
desirable, but the consequences of operating the present 
types in this way are quite intolerable except where the 
lamps are hung very high. Even where globes or deep 
reflectors, which hide the lamps, are used, consideration 
must be given to the quality of the glass. [f it is of too 
low a density, the brightness may still be too great for 
safety and comfort to the eyes. On the other hand, 
many kinds of glass which are dense enough to cut down 


the brightness adequately, absorb too much of the light.. 


The best makes of glass available when used in large 
enough globes, pass about eighty per cent of the light 
while still sufficiently reducing the brightness. With 
the right kind of glass the brightness decreases as the 
size of globe increases. Thus a 100-watt lamp in a 14- 
inch globe would give so low a brightness as to be satis- 
factory for any location, while the same lamp in a 6- 
inch globe would give a brightness about equal to that 
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of the clear sky and would be at about the limit even 
when placed well up in the room where it would not 
constantly come into the field of vision of the occupants. 
With some types of diffusing glass, the brightness is not 
uniform, but is greatly increased at aspot inline with the 
filament. In such cases the above reasoning does not 
hold and the maximum brightness must be reckoned 
with. 

The second source of glare, that is excessive volume 
of light flux, is likely to occur wherever powerful light 
sources, even of comparatively low brightness, are in the 
field of vision and close to the observer. The influence 
of amount of flux on glare is also shown in the fact that 
a large light of a given brightness will be more glaring 
than a small one of the same brightness. On one 
occasion the writer experienced a quite uncomfortable 
case of this type of glare when at a party, the hostess 
seated the guests at small tables with a birthday cake 
carrying a number of candles in the center of each table. 
While the brightness was low and the total light flux was 
not large, the fact that its source was so near, resulted 
in a relatively large entrance of flux into the eyes. The 
familiar cases of glare from a window, opening to the 
sky and of reflection from snow and water also involve 
the element of large light flux. 


Glare of the third type—that due to excessive con- 
trast—is well illustrated by the difference between the 
glare from an automobile headlight in the daytime amid 
bright surroundings, giving little contrast and the same 
light at night, when surrounded by black darkness, 
with a maximum of contrast. A window which, placed 
in a white wall, might cause no discomfort, might be- 
come trying if the wall were painted a dark color. 
Again a luminaire so designed as to light up the ceiling 
around it may not appear glaring, while another of the 
same brightness which leaves the ceiling dark may be 
trying to the eyes. 

The three sources of glare have been considered 
separately, and it is indeed possible to produce glaring 
conditions where only one of the above causes is present 
in a notable degree. On the other hand, it is very 
common to find two or three causes present or even all 
three in a single instance of glare. 


Glare due to reflection from polished surfaces gener- 
ally comes from below, and its effect is magnified by the 
greater sensitiveness of the eye to light from this direc- 
tion. Common cases of this are reflection from bright 
materials upon which work is being done, glass or 
polished wood table tops and glossy paper. In the 
latter case an effect is produced which is known as 
veiling glare. The bright light reflected from the sur- 
face of the paper to the eye largely masks that coming 
from the type and greatly increases the eye strain 
involved in reading. Much effort has been made in 
recent years to encourage the use of paper with a mat 
surface, especially in school-books, so as to reduce this 
troublesome phenomenon.—Fztract from Eyesight Con- 
servation Couneil. 
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Fortieth Annual Convention 
EDGEWATER BEACH, CHICAGO, JUNE 23-27 


Present indications point to an enthusiastic and widely 
attended Annual Convention, June 23 to 27, at Edgewater 
Beach, Chicago. The technical papers are especially good and 
will reveal much new information on distribution, cables, auto- 
matie stations, reactors, communication, electrical machinery, 
electrophysics and street lighting. 

The great central-station systems and the large industrial 
plants in and near Chicago will serve to attract many members to 
the meeting, besides the other sights of Chicago of more general 
interest. Furthermore, the social and entertainment side of the 


convention has been expanded, as is the custom for the summer 


convention of the Institute. = 
The subjects of the technical papers are given in detail in the 
accompanying program and, in addition, there are a number of 


special features. 
SPECIAL FEATURES 


The President’s Address 
“Forty Years of the American Institute of Electrical Engi- 
neers” will be the subject of President Harris J. Ryan’s address 
on Tuesday morning. 


Section Delegates’ Meeting 


During Monday morning and afternoon the Section delegates 
will meet under the auspices of the Sections Committee to dis- 
cuss their problems and means for increasing the usefulness of 
the Sections. All members are invited to this meeting. 
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Technical Committee Reports 


Following the President’s address on Tuesday morning, the 
reports of the various Technical Committees will be presented. 
An effort has been made to picture in these reports the major 
developments which have taken place during the last year and 
to give an idea of the present status in the various fields of 
electrical engineering. The reports should give any member 
an up-to-date knowledge of progress in the different branches of 
electricity. 

The Standards Meeting 


The broad viewpoint of the objects and advantages of stand- 
ardization will be the topic of the address by A. W. Whitney, 
Chairman of the American Engineering Standards Committee. 
This address will be given in the meeting on Wednesday evening 
and will be followed by tentative reports from several of the 
working committees of the A. I. E. E. Standards Committee. 
These reports will illustrate concretely the way in which the work 
of the Standards Committee is being done in order to accomplish 
the broad advantages of standardization. The reports will be 
presented mainly for bringing out discussion on certain sections 
of the proposed revised A. I. E. E. Standards. 


TURBINES OF Fisk STREET STATION, 230,000 Kw. Capacity 


Educational Committee’s Dinner 


An informal confereace of those interested in education will 
be held on Tuesday evening. Those attending will meet to- 
gether at dinner for friendly discussion of educational subjects, 
no rigid program having been set. Any member who wishes to 
join this meeting may notify Professor W. C. Baver, North- 
western University, Evanston, Illinois, or simply state his desire 
to do so at the registration desk sometime before noon of Tuesday 
during the convention. 


Social Features 


On Tuesday evening the President of the Institute will hold 
a reception and this will be followed by dancing. 

An enjoyable entertainment feature called ‘(With the Fairies”’ 
will be staged on Thursday evening. 

Dancing will be enjoyed every afternoon and evening with 
musie furnished by two of the hotel’s excellent orchestras. 

Card parties, teas and sightseeing trips are planned especially 
for the ladies who will be cordially welcomed. 

To add to the sociability of the convention, one hour each 
morning, starting at 9 o’clock, has been set aside as a “Social 
Hour,” during which members may meet in the less formal ways 
for friendly conversation and discussion. 
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Inspection and Sightseeing Trips 


A number of inspection trips will be made to points of engi- 
neering and general interest. In the following paragraphs are 
listed some of these places. 

Calumet Station (Commonwealth Edison Co.)—A boat trip 
from Lincoln Park will be made to this new station which is 
now completed. 

Waukegan Station (Publie Service Company of Northern 
Illinois)—In this new plant one unit is now in operation. The 
station has extensive outdoor switching structure and is the 
terminus of a new 132,000-volt tower line. 

Church Street Substation (Public Service Company of Northern 
Illinois) —This is the other terminus of the 132,000-volt line. 

Lakeside Station (Milwaukee Electric Railway & Light Co.)— 
This is one of the largest stations using powdered fuel. 

Central Street Automatic Substation (Chicago Rapid Transit 
Co.) —This new 2000-kw. automatic substation is equipped with 
automatic reclosing feeder equipment and a supervisory control 
system running to the supervisor’s office 14 miles away. 

Remote-Control Distribution Substation (Commonwealth Edi- 
son Co.). 


Cuirton AVE. SUBSTATION, COMMONWEALTH EDISON Co. 


Machine-Switching Telephone Exchange (Iinois Bell Tele 
phone Company). 

Hawthorne Plant of Western Electric Co. 

Gary Steel Works. 

Pullman Company’s Plant. 

Points of General Interest-—Among the many interesting sights 
which can be seen are the Fields’ Columbian Museum, the Art 
Institute, the Union Stoek Yards and the park and boulevard 
systems. 


Golf, Tennis and Water Sports 


The Edgewater Beach Hotel offers many attractions for 
sports events. Golf courses and tennis courts are close at hand 
and tournaments will probably be arranged. Bathing in Lake 
Michigan will be enjoyed and besides there will probably be 
swimming or diving exhibitions and also boat rides. 


Register as Soon as Possible 


Registrations should be made as soor as possible in order that 
arrangements for the meeting can be completed. Those who are 
planning to attend the convention should notify Mr. M. M. 
Fowler, General Electric Co., Illinois Merchants Bank Building, 
Chicago, I1., of their intention. 
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Hotel Accommodations 


Hotel reservations should be made by communicating ateeotl 
with the management of the hotel. The Edgewater Beach 
Hotel, 5300 Sheridan Road, Chicago, IIL., will be the convention 
headquarters. For the convention there will be a special rate 
at this hotel of $3.00 per day for single rooms and $3.00 each for 
those sharing rooms and suites. All of the rooms are outside 
and have private baths. The plan of the hotel is European, 
having two excellent restaurants in connection. 


Garage Space Should be Reserved 


The hotel has garage space available for those who wish to 
travel to the convention by automobile. Reservations should 
also be made for garage accommodations. 


Reduced Railroad Fares 


Arrangements have been made for reduced railroad fares on 
the ‘‘Certificate Plan’? for members and dependent members of 
their families. By this plan the round trip may be made at one 
and one-half times the cost of a one-way ticket provided at least 
250 certificates are turned in at the convention for validation. 
These certificates are obtainable with tickets costing not less 
than 67 cents. Every member is urged to secure a certificate 
in order to help others even though he himself does not make 
use of it. 

The certificate must be requested when purchasing a ticket 
to the convention. On arrival at the convention it should be 
handed to the Transportation Committee at the registration 
desk. This committee will endorse the certificate and pass it 
to a representative of the railroads for validation. If 250 or 
more certificates are turned in they will be validated and may 
later be secured from the Transportation Committee. After 
validation the certificates entitle the holder to return transporta- 
tion via the same route at one-half fare. This return rate will 
obtain up to and including July 1. 

The Convention Committee which is arranging the meeting 
is composed of the following gentlemen: Messrs. R. F. Schue- 
hardt, Chairman, J. E. Kearns, A. W. Berresford, L. A. Ferguson, 
M. M. Fowler, C. H. Jones, Ernest Lunn, H. A. Lynette, J. C. 
Martin, T. Milton, L. W. W. Morrow, S. A. Rhodes, D. W. Roper, 
C. C. Grandy, Geo. E. Wagner, Ellery B. Paine, D. C. Pyke, 
5. H. Mortensen, E. L. Bailey and H. W. Meyer. 


PROGRAM 


Note: Complete copies of the technical papers listed in this 
program may be obtained from Institute Headquarters on 
request. Most of the papers are now available. 


Monpay, JuNE 23 
10:00 a. . 
Section Delegates and Committee Meetings. 
2:30 P. M. 
Section Delegates and Committee Meetings 
8:00 Pp. Mm. 
Informal Dance 
TurEsDAY, JUNE 24 
9:00 a. Mm. 
Social Hour 
10:00 a. M. 
President’s Address—Forty years of the American Institute 
of Electrical Engineers, by Harris J. Ryan 
Report of Technical Committees 
2:00 P. m. 
Sports and Entertainment 
6:00 P.M. 
Educational Committee’s Informal Dinner and Conference 
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, 8:00 P. Mo. 
President’s Reception and Dance 


WEDNESDAY, JUNE 25 
9:00 a. m. 
Social Hour 


10:00 a. m. 


Two PaRALLEL TECHNICAL SESSIONS 
Session A, unppR Avuspices or Protective Devices 
Commitrrrr, H. R. Wooprow, CHARMAN 


. Automatic Stations for AeC. and D-C. Networks, by C. W. Place, 


General Electric Company. 


. The Cleveland Heights Substation of The Cleveland Electric 


Illuminating Company, by H. L. Wallau, The Cleveland 
Electric Nluminating Co. 


. Automatic Substation for Supplying 1599 Volts D.-C. to 


Suburban Railways, by C. A. Butcher, Westinghouse 
Elec. & Mfg. Co. 


. Automatic Motor-Generator Equipments on Edison Service of 


~The Indianapolis Light & Heat Co., by Herman Bany, 
General Electric Co. 


. Operating Experience with Automatic Equipment on an Edison 


System, by F. D. Wyatt, The Union Gas & Electric Co. 


. Automatically Controlled Hydro-Electric Generating Stations, 


by R. J. Wensley, Westinghouse Elec. & Mfg. Co. 


Session B, uNDER AUSPICES OF TELEGRAPHY AND TELEPHONY 


10. 


. Temperature Rise of Stationary Electrical Apparatus as 


12. 


CommirTre, O. B. BLacKWELL, CHAIRMAN: AND 
EvLecrropnuysics CommirTEr, F. W. Perk, JR., 
CHAIRMAN 


. Selective Circuits and Static Interference, by J. R. Carson, 


American Telephone & Telegraph Co. 


_ The Transmission Unit and Telephone Transmission Reference 


Systems, by W. H. Martin, American Telephone and 
Telegraph Co. 


_ Sensitive Radio-Frequency Relay, by George Lewis, Crosby 


Manufacturing Co. 
The Transient Visualizer, by H. M. Turner, Yale University. 


Influenced by Radiation, Convection and Altitude, by 
V. M. Montsinger and W. H. Cooney, General Electric 


Co. 
Effect of Altitude on Temperature Rise of Electrical Apparatus, 
by R. E. Doherty and E. 8. Carter, General Electric¢ Co. 


2:00 P. M. 
Sports and Entertainment 
7:30 P. M. 


Meeting under Auspices of the Standards Committee, H. S. 


Osborne, Chairman. 


Address, by A. W. Whitney, Chairman, American Engineering 


- Standards Committee. 


Standards of the A. I. E. E.—Brief Presentation for Discussion 


of Certain Sections of the Proposed Revised A. I. E. E. 
Standards, by the chairmen of the working committees as 
listed below. 


Standards for Transformers, Induction Regulators and Reactors, 


Standards for Synchronous Converters, 
Standards for Industrial Control Apparatus, by 


by John D. Bowles. 
by John C. Parker. 


H. D. James. 


Standards for Electric Arc Welding Apparatus, by F. M. Farmer. 
Standards for Insulators, by R. E. Argersinger. 


THURSDAY, JUNE 26 


9:00 a. m.—Social Hour 
10:00 a. m.—Two parallel technical sessions 


18. Underground A-C. Network Distribution, 


Srssion A, UNDER AUSPICES OF TRANSMISSION AND 


DISTRIBUTION COMMITTEE, F. G. Baum. CHAIRMAN 
by A. H. Kehoe, 


United Electric Light and Power Cor 
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14. General Light and Power Supply of Chicago, by G. M. Arm- 
brust and J. B. Jackson, Commonwealth Edison Co. 

Study of Underground Distribution Systems, by W. R. Bullard, 
New Orleans Public Service. 

Equivalent Single-Phase Networks for Calculating Three-Phase 
Short-Circuit Currents, by R. A. Shetzline, American 
Telephone and Telegraph Co. 

17. Standardization in Construction and Operation, by M. L. 
Sindeband, American Gas and Electric Co. 

Session B, unprer Auspices or Protective Devices 

Commitrrr, H. R. Wooprow CHAIRMAN 

Current-Limiting Reactor Characteristics, by S. I. Oester- 
reicher, Metropolitan Device Corp. 

19. Design, Installation and Operation of Current-Limiting Reactors, 
by H. O. Stephens and F. H. Kierstead, General Electric 
Company. 

Current-Limiting Reactors, by W. M. Dann, Westinghouse 
Electric & Mfg. Co. 

Theory of the Saturated-Core Regulator and Reactor, by A. 
Boyajian, General Electric Company. 

Application of the Saturated-Core Regulator and Reactor, by 
D. K. Blake, General Electric Company. 

2:00 p. m.—Sports and Entertainments 

7:30 p. m.—‘‘With the Fairies.” 


15. 


16. 


18. 


20. 
21. 


22. 


FRIDAY, JUNE 27 


9:00 a. m.—Social Hour 
10:00 a. m.— Two parallel technical sessions. 
Session A, UNDER AUSPICES OF ELECTROPHYSICS COMMITTEE, 
F. W. Perk, Jr., CHarrMaNn; AND LicuTina aND ILLUMINA- 
TION CommitrErE, G. H. SticKNEY, CHAIRMAN 


High-Voltage Cables, by Wm. A. Del Mar and C. F. Hanson, 
Habirshaw Hlectrie Cable Co. 

The Dielectric Field in an Electric Power Cable, by R. W. 
Atkinson, Standard Underground Cable Co. 

Direct Method of Calculating Capacitance of Conductors, by 
H. B. Dwight, Canadian Westinghouse Co. 

Improved Method of Measuring Potential Gradient and Flux 
Density in Irregular Fields, by J. F. H. Douglas and KE. W. 
Kane, both of Marquette University. 

Some Notes on Street Lighting, by Preston Millar, Electrical 
Testing Laboratories. 

Session B, vunper Avspices or ExiecrricaAL MAcHINERY 

Committers, H. M. Hopart, CHAIRMAN 

28. Flashing Characteristics of Series and Compound Motors, by 
R. E. Ferris, Westinghouse Elec. & Mfg. Co. 

29. The 35,000-kw. Frequency Converter for Hell Gate Station, by 
O. B. Shirley, General Electric Co. 

30. The Inertaire Transformer, by W. M. Dann and D. R. Kellog, 
Westinghouse Electric & Mfg. Co. 

31. A New Type of Single-Phase Motor, by S. R. Bergman, 
General Electric Co. 

32. Theory and Calculation of the Squirrel-Cage Repulsion Motor, 

by H. R. West, General Electric Co. 


23. 


24. 


25. 


26. 


27. 


Excursion Trip to the Pasadena 
Convention 


There was never a better time to visit the Great West and 
see America’s incomparable scenic wonders than this Fall when 
the Pacifie Convention of the American Institute of Hlectrical 
Engineers will be held in Pasadena. Pasadena is having a 
fortieth anniversary this year and has prepared herself to 
entertain whole conventions of visitors during the year. In- 
vitations have been extended by President Harris J. Ryan and 
by the Convention Committee to the pioneers, past-presidents, 
and other prominent members who laid the foundation stones 
and did so much to build up the electrical industry. 

Meetings are being arranged at which the pioneers will tell 
of some of their interesting experiences in the early days and 
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these should be enjoyed by both the older and the younger 
members. The younger men especially will be glad of this 
unusual opportunity to hear these stories in the pioneers’ own 
words. 

Plans are being laid to allow these distinguished visitors and 
others from the Eastern part of the country to travel together 
to the Pacific Coast in a special train. Stops will be made at 
interesting points en route and various optional side trips will 
be arranged for those who care to take them. At the stopping 
points there will be a choice of several local excursions or com- 
plete freedom, as desired. 

On the trip to the West the route will be by way of Colorado 
Springs, Royal Gorge, Salt Lake City, Feather River Canyon, 
San Francisco, Yosemite and Los Angeles. The return trip may 
be made by any of a number of routes according to the wishes 
of each individual, but naturally should include the Grand 
Canyon of the Colorado. 

Special excursion rates will be available and the stops can 
be made with little additional expense over that for a direct 
ticket to Pasadena and return. As the excursion tickets are 
good until October 31, there will be considerable time after the 

“eonvention closes for making various visits on the return trip. 

As an example of the cost of the railroad fare, the round trip 
fare from New York to Los Angeles, including stopovers and a 
side trip to the Grand Canyon, will amount to about $147. 
The minimum round-trip Pullman fare with stop-overs, with 
New York as a starting point, is about $62. A lower berth from 
New York is about $16 more. The rates from other points are 
lower or higher depending on the distance. The accompanying 
table contains more complete information on the rates. Special 
Pullman ears for the exclusive use of the party require not less 
than 25 adult fares and purchase of entire space in Pullman 
cars at authorized Pullman fares. <A special train requires the 
presentation of not less than 125 adult fares or the equivalent. 


A Nationatiy Important Mrnrina 

The technical papers will be of especial interest and will mark 
the convention as a national rather than a sectional event. 
The subjects have been chosen to interest the practical engineer 
as well as the advanced scientist. Utilization and application, 
and research are included in the topics to be presented. The 
technical sessions already planned give an indication of the 
diversity of subjects. There will be sessions on transmission, 
distribution and electrical machinery to interest the central 
station engineers. The application papers will include the use of 
electricity in irrigation, oil refining, cement mills, lumber 
working, mining, electrometallurgy, iron and steel and textile 
mills. There will be a session devoted to telephony and tele- 
graphy, and illumination and other subjects will be covered. 

One of the most prominent features will be a lecture by Dr. 
R. A. Millikan, telling of some of his latest researches in electro- 
physics and this will be well supplemented by an exceptional 
group of papers by his colleagues in the Norman Bridge Labor- 
atory of Physics. 

The entertainment and sports events which have been 
planned will give a desired variety to the program and, needless 
to say of a meeting in California, the trips which will be taken 
during the convention will be thoroughly enjoyed. 

RAILROAD FARES TO SAN FRANCISCO OR LOS ANGELES 

SUMMER EXCURSION ROUND-TRIP RATES 


(Fares below include side trip to Grand Canyon and return) 
From New York City 


OM) Od DS RAS ht ONT CR ETRE DAE) PRET ar ee oo BEE $147.44 
BOStON Sayan aetee Renee Soe ccd yhs vice ete ae eee 156.78 
ALDAN Ys cor.cct mew etter tee ee ee eee 142.32 
Schonectady sat eu ae eh ee ee a ee ee 141.37 
BUM alr, sik tiee See etre ee TORE at cere tee 125.22 
ODI CS G05 eat satay aE he eee ee sw WE 95.12 
Phila delphiai at at etter Rec oer er nian ey... Chee, 142.26 
IPittsDUreh ham nccnkcer Ot oe 122), £7 
Washington sas cenheee hee as eae ete ae ren OF 139.57 


Tickets will bear final limit to reach original starting point not later than 
October 31. 
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Pullman Fares (one way) 
ee se es re ee eee 


Compart- Drawing 


Between Lower Upper . ment Room 

New York and Chicago..... $ 9.00 $ 7.20 $25.50 $31.50 
Boston and Chicago........ 10.13 8.10 28.50. 36.00 
Albany and Chicago........ 8.25 6.60 23.25 30.00 
Schenectady and Chicago... 8.25 6.60 23.25) * 30.00 
Buffalo and Chicago........ 5.63 4.50 15.75 21.00 
Philadelphia and Chicago... 8.25 6.60 23 25 30.00 
Pittsburgh and Chicago..... 4.50 3.60 12.75 16.50 
Washington and Chicago... . 8.25 6.60 23.25 30.00 
Chicago and» San Francisco 

(direct) atic; Paicw.deee meee 23.63 18.90 66.75 84.00 
Chicago and Colorado 

SDUIN GE Sincrertareiin vs sek ee 10.88 8.70 30.75 39.00 
Colorado Springs and Salt 

Take: Oly ov. oot eee 7.50 6.00 21.00 27.00 - 
Salt Lake City and San 

Hrancisco..147 «aside 9.00 7.20 Pa 8) 31.50 
San Francisco and Los 

BA TAP OLOS I siento cath: Seattle ahs 4.50 3.60 12°75 16.50 
San Francisco and Merced. . 3.00 2.40 9.00 10.50 
Merced and Los Angeles... . 3.7D 3.00 10.50 13.50 
Los Angeles and Chicago 

via Grand Canyon (one 

GAY Vi Ge oars fate n a tetas oe 28.13 22.50 78.75 99.00 


Northeastern District Regional Meeting 


The dates of the Northeastern District Meeting which is 
to be held in Worcester, Mass., have been changed to June 4 and 
5. The announcement published in the May JourNAL gave 
June 5 and 6 as the dates but these were changed because the 
commencement exercises of Worcester Polytechnic Institute 
will be held on June 6. It was thought that some of the members 
would like to attend these exercises. 

Also a few changes have been made in the program since the 
publication of the previous announcement. The announcement 
which has been mailed to members gives the revised program. 


Annual Business Meeting and New York 
Section Meeting 
NEW YORK, MAY 16, 1924 

The Annual Business Meeting of the Institute was held at 
8.30 p. m. on the evening of Friday, May 16, 1924 in the Audi- 
torium of the Engineering Societies Building, New York. The 
business meeting, which was held jointly with a New York Section 
meeting, was opened by Chairman Morehouse of the New York 
Section who turned the meeting over to President Ryan. The 
President called upon Secretary Hutchinson to present the Annual 
Report of the Board of Directors. The Secretary presented 
this report in abstract, calling particular attention to the growth 
of the Institute during the past year as instanced in the report 
of the Membership Committee and in the summary of Section 
and Branch activities. 

The report of the Committee of Tellers on the election of 
officers of the Institute was then presented by the Secretary; 
and in accordance therewith, President Ryan declared the 
election of the following officers, whose terms will begin August 
1, 1924: 
PRESIDENT: 
Vick-PRESIDENTS: 

District No. 1 

District No. 3 

District No. 6 

District No. 7 

District No. 9 
MANAGERS: 


Farley Osgood, Newark, N. J. 


Harold B. Smith, Worcester, Mass. 

L. F. Morehouse, New York 

Edward Bennett, Madison, Wis. 

H. W. Eales, St. Louis, Mo. 

John Harisberger, Seattle, Wash. 

John B. Whitehead, Baltimore, Md. 

HK. B. Merriam. Schenectady, N. Y. 

J. M. Bryant, Austin, Tex. 

TREASURER: George A. Hamilton, Elizabeth, N. J. 
These officers together with the following hold-over officers, 

will constitute the Board of Directors for the next administrative 


June 1924 
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year, beginning August 1: Harris J. Ryan, Stanford Universit 
a > . - - re 
Calif.; Frank B. Jewett, New York; J. E. Macdonald, Los Angeles, 


Calif; Herbert S. Sands, Denver, Colo.; 8. E. M. Henderson, 


Toronto, Ont.; H. E. Bussey, Atlanta, Ga.; William F. James. 
Philadelphia, Pa.; R. B. Williamson, Milwaukee, Wis.; A. G. 
Pierce, Pittsburgh, Pa.; Harlan A. Pratt, Hoboken, N. J.; 
H. M. Hobart, Schenectady, N. Y.; Ernest Lunn, Chicago, IIL; 
G. L. Knight, Brooklyn, N. Y.; W. M. MeConahey, Pittsburgh, 
Pa.; W. K. Vanderpoel, Newark, N. J.; H. P. Charlesworth, 


New York 


President Ryan then called upon President-Elect Farley Os- 


good to say a few words. 


Mr. Osgood expressed his realization 


of the honor conferred upon him by the membership and 
pledged himself to the full to carry out the established 


policies of the Institute. President 


Ryan then turned 


the meeting back to Chairman Morehouse, who called upon the 
President to give his talk to the Section on ‘The Atmosphere 


as a Factor in Electrical Engineering.” 


President Ryan’s 


talk, which it is expected to publish later, dwelt particularly upon 
his researches in corona phenomena in connection with high-ten- 


sion transmission. 


He began by pointing out the conditions 


governing the generation, transmission and consumption of 
power in the entire Pacific Coast region, emphasizing the cer- 
tainty of increasing length of transmission which will be necessi- 
tated by the spread of population and industry. He then pro- 
ceeded to outline the factors affecting corona on cables, partic- 


ularly on 60-cycle transmission. 


His entire talk was profusely 


illustrated with lantern slides giving the data obtained in his 
work. At the close of Professor Ryan’s talk Mr. F. W. Peek, 


_ Jr. of the G. E. Co. discussed some of the principal points and 


ealled attention to interesting facts developed in connection with 
the experiments made at Pittsfield in the simulation of lightning 


phenomena. 
with a vote of thanks on behalf of the N. Y. Section. 


Chairman Morehouse then closed the meeting 


Report of Committee of Tellers on Election 


of Officers 
To the President, 
American Institute of Electrical Engineers 
Dear SIR: 


This committee has carefully canvassed the ballots cast for 


officers for the year 1924-1925. 
Total number of ballot envelopes received........... 
Rejected on account of bearing no identifying name on 
outer envelope, according to Art. VI, Sec. 34, of the 
GonstitilOuaameeinte sc -cc ea cet ee ees eae 
Rejected on account of voter being in arrears for dues 
on May 1, 1924, as provided in the Constitution and 
“Vie Aci ces wa 2 on 
Rejected on account of ballot not being enclosed in 
inner envelope, or being improperly marked, or on 
account of inner envelope or ballot bearing an identi- 
fying name, according to Art. VI, Sec. 34, of the 
Gonstiew tion masses oie 5 
Rejected as duplicate ballots......-..--.++++++s00- 
Rejected on account of having reached the Secretary’s 
office after May 1, according to Art. VI, Sec. 34, of 
vem @oTi stl GuntiON mle itcdaet. amet Pa-te Laton. ane See 


Leaving as valid ballots.....-.. 


The result is as follows: 


8403 
129 
194 
470 
5 
65 
863 863 
7540 


These 7540 valid ballots were counted, and the result is shown 


as follows: 
For PRESIDENT 


HarleysOco0deat ere tee enter ees ne 
Gh eelede Sian iere tee ee ass FSO EIS. Ore eee 
Pyle a oer oe cae es ue RC ca ea 


, Bets) 
3628 
13 


dfa 
For Vice-PREsIDENTS 
District 
No. 1 North Eastern 
Harold BasSmith®, staere pea). ee? et 6687 


No. 3 New York City 


Go Morehousects ia, <mceet oene aa 6480 
*Philip Torehio....... 600 
Blankhita Ae Ml, seal. AD. A BA 460 
No. 5 Great Lakes 
HdwardeBernettwervemain. contest een 5773 
ChesterimHalll rere. Seer! oe ee ate 1276 
Blankse ee Gace eens cece ee a eek hes, Leake ae 491 
No. 7 South West 
AW Wales cag... Se TLRS hte, gE 5902 
Gooree.Osobnadeweisen .. ose... see ee 1117 
Diana meme eet: wis A Ie. eRe 521 
No. 9 North West 
Bounstarieverer.s ae... veils. 28.0. 2...20. 7061 
Bain kere, peers... WIL cOMEL EUs. thes 479 
For Manacers 
JoOone we aVWanicencaderne: .. (kc aot. cana ste GOSL 
Ree Verran mmenery... 2. TA ae 6201 
JeNicebrvant ema .. 22). 2.,. ERE. & 5562 
Pdwandelreanionrdlandes, . . 3008), o 208. . Be 1329 
Rossepem\Viateensmmemeamr.... 100 ae, (at pee oy, 
SE AM OdOLe EER =. ath SE «7440 
Tan ane hese .. 7 wee. SN ee 286 
Blaniktiectenre teeth... nite 994 
For TREASURER 
George A. Hamilton......... 6514 
Blanlsaaeet ere . os Tea ae Ee 1026 


Respectfully submitted, 
J. B. Bassett, Chairman Irvine W. GREEN 
James F’, Keiiy B. TIKHONOVITCH 
R. R. Kime Committee of Tellers. 
Date May 13, 1924. 
*Withdrew prior to distribution of ballots. 


World Power Conference 


On June 19th when the §. S. Scythia sails from New York there 
will be on board a large number of engineers representing many 
branches of the profession, all en route to the World Power 
Conference to be held in London June 30 to July 12. The 
classified program for the Conference has now been issued. 
Thirty-seven papers are to be presented under the auspices of 
the American Committee, covering the general range of topics 
to be discussed. The program is arranged in five principal 
divisions, as follows: 

I—Power Resources: A National Review of Power Resources, 
Il Power Production—Water-Power Production—Preparation 
of Fuels—Steam-Power Production—Internal Combustion Eng- 
gines—Power from Other Sources; T1l—Power Transmission and 
Distribution: 1V-—Utilization of Power—Power in Industry and 
Domestic Use—Power in Electro-Chemistry and Electro- 
metallurzy—Power for Transport—Power for Tilumination; 
V—General—Economic, Financial and Legal—Research, Stand- 
ardization, Education, Health, Publicity. 

The Conference will open with the Official Reception and 
Address by the President at 3.30 p. m. on June 30th. In the 
evening the formal banquet to the delegates will be held. On 
Thursday, July 10th the Institution of Blectrical Engineers will 
give aluncheon. At 4.30 the presentation of the Kelvin Medal 
to Prof. Elihu Thomson will take place, followed by addresses 


by delegates and Memorial Oration by Sir. J. J. Thomson. At 


6.45 p. m. on the 11th the Kelvin Centenary Banquet will be 
held with Lord Balfour in the chair. On the remaining days 
there will be numerous special trips to places of engineering 
and historic interest. 


or 
NJ 
pe 


Farley Osgood 
PRESIDENT ELECT OF THE A. I. E. E. 


Farley Osgood, Vice-President and General Manager of the 
Public Service Electric Company, Newark, N. J. has been elected 
President of the American Institute of Electrical Engineers for 
the year beginning August 1, 1924, as announced in the report 
of the Committee of Tellers published elsewhere in this issue. 

He was born in Chelsea, Mass. in 1874 and was educated at 
the Massachusetts Institute of Technology. Mr. Osgood’s first 
work, 1894, was in the Engineering Dept. of the American Bell 
Telephone Co. in Boston, where he remained three years. 
During the year 1897-98 he was traveling engineer for the New 
England Telephone & 
Telegraph Co. making in- 
spections and installations. 
In 1898 he went with the 
New York and New Jersey 
Telephone Co. as_ chief 
clerk in the Operating 
Dept., special plant engi- 
neer, and finally Division 


Manager. In 1904 Mr. 
Osgood became Chief 
Engineer and General 


Manager of the New Mil- 
ford Power Co., Conn. 
He finished the construc- 
tion work of this company, 
being responsible for great- 
ly developing its system, 
then organized the operat- 
ing force and ran the com- 
pany. In 1908 he re- 
turned to New Jersey and 
became associated with 
the Publie Service Elec- 
tric Co., of New Jersey as 


General Superintendent. 
He then became Asst. 
General Manager and 


finally Vice President and 
General Manager, the posi- 
tion which he holds today. 

Mr. Osgood is a Fellow 
of the A. I. E. H., having 
entered as Associate in 
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W. K. Vanderpoel, Newark, N. J.; Treasurer George A. 
Hamilton, Elizabeth, N. J., and Secretary F. L. Hutchinson, 
New York. 

The minutes of the Directors’ meeting of March 14, 1924, were 
approved as previously circulated. 

Reports were presented of meetings of the Board of Examiners 
held April 7 and May 12; and the actions taken at those meetings 
were approved. Upon the recommendation of the Board of 
Examiners, the following action was taken upon pending appli- 
cations; 93 Students were ordered enrolled; 127 applicants were 
elected to the grade of Associate; 4 applicants were elected to 
the grade of Member; 9 applicants were transferred to the grade 
of Member; 2 applicants were transferred to the grade of Fellow. 

The annual report of 
the Board of Directors for 
the fiscal year ending 
April 30, 1924, as pre- 
pared by the Secretary, 
was presented and ac- 
cepted as printed, for pre- 
sentation at the Annual 
Business Meeting during 
the evening of the same 
day. The annual report 
of the*Treasurer, for the 
fiscal year ending April 
30, 1924, was presented, 
accepted, and _ ordered 
filed. The annual reports 
of various standing com- 
mittees (exclusive of tech- 
nical committees), ab- 
stracts of which had been 
incorporated in the Board 
of Directors’ report, were 
presented, received, and 
ordered filed for reference, 
particularly by the chair- 
men of the incoming com- 
mittees of the next admin- 
istration. 

In accordance with Sec- 
tion 37 of the constitution, 
the appointment of a Sec- 
retary for the administra- 
tive year commencing 
August 1, 1924, was con- 


1905. He served as 
Manager during 1911-12- 
13 and 1914 and as Vice- 
President of the Institute 
in 1914-15-16. He was Chairman of the New York Section in 
1921-22 and has been a member of the following committees: 
Executive, Finance, Edison Medal, Standards and Safety Codes. 


A. I. E. E. Directors, Meeting 


The regular bi-monthly meeting of the Board of Directors of 
the American Institute of Electrical Engineers was held at 
Institute headquarters, New York, on Friday, May 16, 1924. 

There were present: President Harris J. Ryan, Stanford 
University, Cal. Vice-Presidents W. I. Slichter, New York 
G. Faccioli, Pittsfield, Mass.; S. B. M. Henderson, Torante, 
William F. James, Philadelphia; Managers Harold B. Smith, 
Worcester, Mass., E. B. Craft, H. P. Charlesworth, New Vouk 
H. M. Hobart, Schenectady, G. L. Knight, Brooklyn, N. Y.. 
A. G. Pierce, Pittsburgh, Harlan A. Pratt, Hoboken, N. a 


FARLEY 
PRESIDENT-ELECT OF THE 1. E 
SIDENT-ELEectT or THE A. I. E. E. 


OSGOOD L. 


sidered; and Secretary F. 
Hutchinson 
appointed. 

Upon request of the 
Standards Committee it was voted that the Plan of Organization 
of the Standards Committee be amended so as to include the 
President of the U. S. National Committee of the International 
Electrotechnical Commission as an ex-officio member of the 
Standards Committee. 

Standards on Industrial Control Apparatus were submitted by 
the Standards Committee for approval by the Board; and it 
was voted that these Standards be adopted and published as 
Institute Standards. (These will constitute the first separate 
section of the revised Institute Standards to be issued.) 

The resignation was presented of Mr. Gano Dunn as a repre- 
sentative of the Institute upon the Board of Management of 
the World’s Congress of Engineers to be held in Philadelphia, 
in 1926; and upon the nomination of President Ryan Mr. Paul 
M. Lincoln was appointed to succeed Mr. Dunn on the Board of 
Management of the World’s Congress of Engineers. 

An invitation to appoint a representative to participate in 


was re- 


li lit i eee Ae an 
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the Centenary celebration of the Franklin Institute, in Phila~- 
delphia, September 17-19, 1924, was referred to the President with 
power. : 

An invitation to send delegates to the International Mathe- 
matical Congress to be held at Toronto, August 11-16, 1924, was 
referred to the President with power. 

It was voted that an invitation be extended to the newly 
elected officers of the Institute to attend the meeting of the Board 
of Directors to be held during the Annual Convention, in June. 

Reference to other matters discussed may be found in this and 
future issues of the JourNAL under suitable headings. 


Board of Directors’ Report 
FOR THE YEAR ENDING APRIL 30, 1924 

The Annual Report of the Board of Directors of the A. I. E. BE. 
was presented at the Annual Business Meeting of the Institute 
held in New York, Friday evening, May 16, 1924. 

This report consists of a brief summary of the principal activ- 
ities of the Institute during the year, including abstracts of 
various reports submitted by officers and committees, covering 
their respective branches of work. The more important matters 
referred to in the report have been, or will be, covered in much 
more detailed form in the JourNat, and therefore the report 
will not be published in full herein, but any member of the 
Institute may obtain a pamphlet copy upon application to the 
Secretary of the Institute. 

The growth in Institute membership during the year is indi- 
eated in the following tabulation: 


Honor- 
ary Assoc- 
Member| Fellow |Member| ciate Total 
Membership, April 30, 1923... 6 578 2,264 12,450 | 15,298 
Additions: 
aTANYSLEELEG «ie ccs amis 9i5//a"s 20 79 
New Members Qualified.... 4 96 2,040 
REI SbAbeUome da ernest. sere c+ 4 9 53 
Deductions: 
ivi. A oe = eri ee 6 11 51 
Yeasts tev HA, ee, Pree epee BIC 5 15 222 
Pram STEEP crc sree wie ware 6.6 14 85 
ID se ey oye Ae te kere eC Re t 49 689 
Membership, April 30, 1924... 6 594 2,359 13,496 ' 16,455 
Net increase in Membership during the year.......- 0c eee e rene ee eee 1 tor 


The activity of the Sections and Branches during the year 
and the growth in the number of these organizations, also in 
the number of meetings held by them and in the aggregate at- 
tendance, are shown in the following statement: 


For Fiscal Year Ending 
| 
May 1| May 1]| May1| May1l May 1| May 1/| May 1 
1918 1919 1920 1921 1922 1923 1924 
SECTION | 
Number of  Sec- 
HONS eisai ts 34 34 36 42 45 46 47 
Number of  Sec- i ss 
tion meetings held 245 217 262 303 : 373 : 344 Fe ey 
Total Attendance .| 34,614 | 25,837 | 30,741 37,823 | 54,378 | 46,672 | 58, 
BRANCHES 
Bran- 
‘Se % ve 59| 61 62 65 67 68 77 
Number of Branch 
meetings held... 268 156 360 443 ace 503 = e 
Attendance....... 10,683 | 6,441 ! 16,827 | 21,629 25,358 | 26,893 ! 25, 


The Finance Committee’s Report, together with the general 
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balance sheet and detailed financial statements of the Certified 


Publie Accountants who audited the Institute books, is included 
in the report. 


Lightning-Arrester Performance 
BASIS OF COMPARISON, RECOMMENDED BY LIGHTNING 
ARRESTER SUB-COMMITTEE OF THE PROTECTIVE DEVICES 
COMMITTEE 


In studying the performance of lightning arresters it is con- 
venient to start with the hypothetical curve of the potential 
wave traveling along a circuit wire, as the result of a lightning 
discharge or other abnormal disturbance. Up to the present 
time it has not been found possible to determine the actual form 
of the potential curve of such a traveling wave, but it is felt that a 
representative analysis may be made by considering the general 
wave forms shown in Fig. 1, in which for simplicity the normal 
line voltage is omitted. 

In most eases the important portion of the traveling wave is the 
first impulse, regardless of whether or not the phenomenon is 


Voltage 


Se 
Fig. 1—VoutraGce-Time Curve or TypicaL TRAVELING 
PorentTIAL Wave, Causep BY LIGHTNING DISCHARGE 


S 


AD 


K Time 


Fig. 2—Voittracre-TIME CurvVES SHOWING EFFECT OF 
LIGHTNING ARRESTERS 


oscillatory. There are attendent conditions during the light- 
ning stroke that lead some of us to conclude that the duration 
of the first impulse of some waves is of the order of time of only a 
few micro-seconds. With this assumption as a basis, the object 
is to analyze what happens in the first one hundred-thousandth 
of a second following the arrival of the wave. 

If the lightning arrester is of the spark-gap type, or is of the 
type which consists of a single spark gap in series with other 
portions of the arrester, (and this includes most of the types now 
on the market) then a certain potential is required to discharge 
across the spark gap. This potential is indicated by A Bin 
Fig. 2, in which O A represents the time required for the potential 
to reach this value. The arrester, however, does not begin to 
discharge at the instant that this potential is reached. There is a 
well-known property of all insulating materials which requires 
the application of the potential for a certain brief time, called the 
dielectric spark lag, before the discharge begins. This lag in 
time is indicated by A D. In the meantime, the potential 
has increased to a value DH. The potential has now reached 
the point Z on our curve after a total interval of O D, and the 
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point EZ, therefore, represents the point on the curve correspond- 
ing to the time at which the initial discharge takes place across 
the arrester. D E therefore represents the potential across the 
arrester immediately before the instant of discharge, but follow- 
ing the beginning of the discharge the current flows through 
the arrester, and the potential across the arrester is dependent 
upon the instantaneous current and value of the resistance and 
inductance of the arrester, and upon the drop in voltage across 
any series gaps. 

The potential across the arrester falls after the discharge 
begins to some such value as D F. From this time the potential 
across the arrester will follow a curve F G H, the ordinates of 
which are dependent upon the instantaneous current and value 
of the resistance and inductance of the arrester, and upon 
the drop in voltage across any series gaps. 

The Curve B E F G His a criterion of the performance of the 
arrestors. The voltage of the equivalent sphere gap will be 
either D H or K G, depending on which is the greater. From 
this curve it can be seen that the several ways in which the 
maximum voltage across the terminals of a lightning arrester 
can be reduced are: 


1. Byreducing the spark gap voltage (A B). 

2. By reducing the dielectric spark lag (A D). 

3. By reducing the resistance and the inductance of the 

arrester (which determines K @). 

The values of A B, D FE, and K G should be as low as possible. 
There is a practical limit below which the value A B cannot be 
reduced. This depends upon the type of arrester considered and 
the extreme voltage regulation of the circuit. This low limit for 
A Bis determined by laboratory tests and operating experience 
in the field, and by the line voltage. ; 

The dielectric spark lag A Dis difficult to measure and 
indirect methods have been resorted to. Studies of F. W. 
Peek, Jr. have shown that sphere gaps are faster than any other 
form of gap. As a result, most types of lightning arresters, 
since the publication of Peek’s data, have used as sphere gaps 
electrodes approximating the shape of a sphere. 

In the case of the aluminum cell on d-c. circuits, the arrester 
can be connected directly to the circuit without any intervening 
gap, and this eliminates the dielectric spark lag. In this case 
the discharge will start to flow into the arrester with the first 
increase in voltage above the line voltage because of the high 
capacitance of the aluminum cell. Passage of heavy current by 
the valve action of the film will take place only if the voltage 
K G exceeds the valve voltage of the cells. 


Up to the present time no alternating-current arresters have 
been produced for commercial service which operate without a 
spark gap in series. Several types of arresters, however, 
operating on the valve principle, behave similar to a counter 
. @.m.f. and permit a gap setting materially lower than othec 
types of arresters. This means that these arresters can be 
operated with a setting having a smaller margin above the normal 
operating voltage than arresters which consist of a series of spark 
gaps and resistors in combination. 

Referring again to Fig. 2, if the resistance is increased, then 
the voltage curve during discharge will be similar to F’ G’ H’. 
That is, the higher the resistance of the arrester, the higher will 
be the maximum voltage during the discharge. 

The interesting question in connection with the efficieney of a 
lightning arrester is not to determine merely that it will show 
signs of a discharge at the time of a lightning stroke, as might 
be shown by the puncture of a paper in a series gap, but how 
much of the current induced by the lightning discharge will the 
arrester allow to flow to ground. 

Arresters with valve characteristics which cut off current 
flow for voltage at or near normal line voltage may safely 
be of low resistance, permitting a high discharge rate for transient 
excess voltage. Laboratory tests made with “lightning 
generators” confirm the results of tests on arresters in service, 
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in showing that, other things being equal, the type of arrester 
having the lowest resistance and inductance is the most efficient 
protective device. In this connection, the importance of- good 
grounds and short, direct leads cannot be too greatly emphasized, 
as lack of care in these respects may easily introduce sufficient 
resistance and inductance into the discharge circuit to nullify 
the effect of an otherwise efficient lightning arrester. 

The above statements must not be taken as indicating the 
only qualifications that a satisfactory arrester must have. 
An arrester that has only a low resistance to steep wave-front 
impulses is not necessarily an acceptable arrester. For example, 
a horn gap connected directly to ground without limiting 
resistance has a minimum of resistance and a maximum of 
ability to cause trouble. Other factors have to be considered, 
such as those which have a bearing on non-interruption of 
service and on the ability of the arrester to withstand self- 
destruction. 

For alternating-current service the ideal type of arrester 
would be one that would have characteristics corresponding 
closely to those of the aluminum cell arrester in direct-current 
service. That is, one which could be connected directly to the 
circuit, and so adjusted that under normal operating con- 
ditions, only a negligible current would pass through the arrester, 
but which would have, in addition, the property that above a 
certain critical voltage a very high current would flow through 
the arrester as soon as the voltage across the arrester exceeded 
the critical value. 


Purchaser’s Tentative Specifications for 
Current-Limiting Reactors 


The Sub-committee on Current-Limiting Reactors of the 
Protective Devices Committee of the A. I. E. E. has felt the need 
of a Purchaser’s Specification for Current-Limiting Reactors. 
This matter has been considered during the last two years, and 
as a result, a Tentative Purchaser’s Specification has been 
prepared. 

The Sub-committee desires that if any of the readers of the 
JourNaL of the A. I. E. E. has any suggestions or criticisms 
to make, he will forward them to the Chairman of the Sub- 
committee, N. L. Pollard. 


I. Type 
The reactors herein specified shall be of the single-phase, 
air-core, self-cooled type and are to be used for (indoor) service. 
(outdoor) 
II. Ratitne 
These reactors shall be designed to produce a reactive drop of 
see per cent when connected in a .......... -volt, -......... -phase, 
fice -eycle circuit carrying a current of _......... amperes. 


The maximum deviation of the reactive drop should not 
exceed 5 per cent plus or minus from the specified value. The 
average value of the reactive drop shall not differ from that 
specified by more than 2 14 per cent. 


Ill. Shorr Crrcurr CHaractTERISTIcs 

Each single-phase reactor or set of reactors starting at normal 
operating temperature shall be capable, when arranged as in 
paragraph 9, of withstanding without thermal or mechanical 
injury for a period of __.... seconds, the maximum current which 
would result from any short circuit with normal line voltage 
maintained at the supply terminals and with only the inherent 
reactance of the reactor in the circuit. The manufacturer shall 
supply braces if necessary for the proposed installation. 


IV. Temperature Rise 
After continuous operation (under proper ventilating con- 
ditions to be defined by the manufacturer under IX) and at 
normal rated current and frequency, until the temperature of the 
reactor becomes constant, the temperature rise of any part of the 
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reactor above the ambient air shall not exceed the value specified 
in the manufacturer’s specifications. The maximum temper- 
ature, with ambient air at 40 deg. cent. shall not exceed the 
temperature limits prescribed by the Standards of the A. I. E. E 

for the class of insulating material used. ee 


V. TEMPERATURE MbasuREMENTS 

The final maximum temperature of the reactor shall be 
obtained by the thermometer and by the rise in resistance 
methods. The highest temperature obtained by either of these 
methods shall be taken as the final temperature of the reactor. 
The method of calculating the final temperature from the in- 
erease in resistance shall be in conformity with the Standards of 
the A. I. E. E. No “hot spot’’ correction shall be made to the 
maximum observed or calculated temperature. The temper- 
ature rise shall be the difference between the maximum temper- 
ature obtained and the average temperature of the surrounding 
air at the close of the test. 

VI. Losses 

The losses stated in the manufacturer’s specifications shall be 
the total losses at rated current and frequency at 75 deg. cent. 
temperature. 

As a guide to the manufacturer, the purchaser considers it 


economical fOeDaye dollars more for each reactor for each 
kilowatt reduction in loss therein. 


Vil ae Dasrs 
Tests above specified for temperature rise and losses shall be 
made on _.._.... reactors of each design. 
The following tests shall be made on all reactors: 
1. High-potential tests between winding and ground at 


normal frequency and ____.. volts for one minute. 
2. High-potential, high-frequency test across the reactor 
TORMIMals ab eee volts for one minute. 


3. Tests to determine the impedance of the reactor at normal 

rated current and frequency at normal room temperature. 

4. Test to determine the direct-current resistance of the 

reactor at normal room temperature. 

In no ease shall this resistance exceed by more than 5 per cent 
the average resistance of all the reactors covered by these 
specifications. 

The manufacturer shall supply the purchaser with copies of 
all test records. 


4 VIII. Means For Lirtinc Reactor 
Suitable means for lifting each reactor shall be provided. 


IX. INsTaLLATION 
The purchaser desires to install each -...... -phase group of 
reactors herein specified in a space approximately -....... inches 
long inches wide, and ......-. inches high. 


Magnetic materials adjacent to this space are as follows: 
(is ) the purchaser’s desire to install each reactor in a 
(is not) 
separate compartment. 
The purchaser’s suggestion as to the arrangement of the 
reactors in the available space is as follows, or as shown on the 
accompanying sketch. 


X. Dara RequireD From MANUFACTURERS 


The manufacturer shall supply the purchaser with the follow- 
ing information relative to the herein specified reactors: 


1. No. of phases. 

2. Kv-a. rating of reactors. 

3. Full-load current in amperes. 

4. Line voltage. 

5. Reactive drop in volts across reactor. 

6. Root-mean-square short-circuit current for which reactors 
are designed. 

7. Maximum current through reactors for five seconds 
without injury to reactors. 

8. Temperature rise at full-load current. 

9. ‘Total losses in kw. at 75 deg. cent. temperature. 
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10. Size of conductor in cir. mils and number of circuits in 
parallel. 

11. Weight of reactor. 

12. Dimensions of reactor. 

13. Outline drawing showing supporting or bracing insulators, 
clamps and other recommended equipment necessary for 
the reactor installation. 

14. The minimum area of the opening required at the top and 
bottom of the reactor should not be less than -..... sq. feet 
per kw. loss for cooling air with natural ventilation. 

15. Recommended distances from magnetic material. 


Not: Should the manufacturer find it impracticable to 
design single-phase reactors for the available space as herein 
specified, he may offer a design of polyphase reactor to con- 
form in general to the specified requirements. 


Death of T. Commerford Martin 


T. Commerrorp Martin, President of the Institute 1887-88, . 
died suddenly on Saturday, May 17, 1924. Mr. Martin was 
recuperating from a serious operation at his summer home in 
Massachusetts when taken ill. He was born in London in 1856. 
He entered the Countess of Huntington College as a theological 
student. In 1877 he came to America and took up work in the 
laboratory of Thos. Edison, chiefly on phonographs, telephones, 
ete. In 1879 he went to Jamaica, West Indies where he edited a 
paper until 1882. He then returned to the U. S. and edited the 
“Operator” and in 1883 got out the first issue of the ‘‘ Electrical 
World” and he continued as editor of that Journal and _ its 
components until 1909, when he became Executive Secretary 
of the“National Electric Light Association. Mr. Martin who 
was a founder and charter member, has held every office in this 
Institute except that of Treasurer and it was only in our last 
issue, May, that an appreciation of his life and work as one of the 
the leaders of the A. I. E. E. was published. 


Joseph Henry in the Hall of Fame 


At New York University on the afternoon of Tuesday, May 
13, 1924, Thomas A. Edison unveiled in the Hall of Fame, the 
bust of Joseph Henry, educator and scientist. The bust was 
presented to the University by the A. I. E. E. and provided 
from funds raised by member subscription and by appropriation. 
The bust is one of ten just added to the many already in place 
above commemorative tablets to famous Americans. Frank 
B. Jewett, former president of the Institute, made the commemora- 
tive address. Dr. Jewett called attention to Heury’s independ- 
ent discovery of electromagnetic induction, his hypothesis 
concerning the oscillatory nature of electric discharge and his 
part in the manufacture of insulated wire. The speaker also 
pointed out the part he played in the building up of the Smith- 
sonian Institution and of the National Academy of Sciences. 

In conclusion Dr. Jewett said, “Henry was perhaps the fore- 
most American physicist. And it is well attested by every 
record that he was a man of varied culture, of large breadth 
and liberality of views, of generous impulses, of great gentleness, 
of courtesy of manner combined with equal firmness of purpose 
and energy of action. He was, in every way and in the best 
that the word denotes, a scientist, es 


Omaha to Hold Electrical Exposition 


An electrical exposition is being planned by the city of Omaha 
for the early part of November. It is to be a memorial to the 
late C. P. Steinmetz and a celebration of 40 years of electrical 
achievement in America. Many of the largest electrical 
companies of the world will have exhibits, for which prizes will 
be given. One of the largest exhibits will be devoted to radio. 

With the cooperation of the electrical jobbers and dealers 
throughout the country, Omaha expects this to be one of the 
largest and most suecessful exhibitions to be held in that part 
of the country. 
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A most interesting lecture given by Dr. Lee De Forest before 
the Yale University Branch on May 7 was enjoyed by an audi- 
ence of 2000 people. Dr. DeForest spoke of the various methods 
which have been employed to obtain “talking motion pictures” 
and described in detail the various steps in the operation of the 
method which he has developed. He also outlined the practical 
possibility of his development, the ‘‘Phonofilm.’’ Demonstra- 
tions of various features of the method were made during the 
course of the lecture by means of several reels of the film. 


Hayden and Steinmetz Paper Wins 
Transmission Prize 


The Report of the Committee on Award of Institute Prizes 
was approved by the Board of Directors on May 16. This 
report which states the decision of the committee on the award 
of prizes for the year 1923 is given below. 

REPORT OF THE COMMITTEE ON AWARD OF INSTITUTE 
PRIZES FOR THE YEAR 1923 
Tur TRANSMISSION PRIZE 

The Committee has chosen the following paper to receive the 
Transmission Prize: 

“High-Voltage Insulation,” by J. L. R. Hayden and Charles 
P. Steinmetz. 

HonoraBLeE MENTION 

(1) “A New Method for Routine Testing of Alternating- 
Current High-Voltage Paper-Insulated Cable,’ by Howard S. 
Phelps and E. Dean Tanger. 

(2) ‘Artificial Transmission Lines with Distributed Con- 
stants,” by F. S. Dellenbaugh, Jr. 


Tue First Parpr PrizE 
No eligible paper was entered in competition for this prize 
and consequently no award is to be made. 
COMMITTEE ON AWARD OF INSTITUTE PRIZES 
L. W. W. Morrow, Chairman 
F. G. Baum 
Donatp MeNicou 


Westinghouse Company’s Fortieth 
Anniversary 


Just 40 years ago, George Westinghouse started his career in 
the field of electricity. On May 20, 1884 he signed a contract 
with William Stanley, whose great gift to the industry while 
connected with Westinghouse was the development of the trans- 
former, which has made possible the long distance transmission 
of alternating current at relatively high voltages, reducing it 
to low, usable voltages at the necessary points. Before this time 
direct current only was used. 

Many of the greatest achievements in the world of electricity 
have been the result of experiments made by the Westinghouse 
company, among which are: a commercial a-c. system, the 
transformer, the Shallenberger meter, the Wurtz lightning 
arrester, Stillwell regulator, Tesla motor and Mershon 
compensator. 

This company has also been connected with the lighting of the 
Chicago World’s Fair, the utilizing of power of Niagara Falls, 
the introduction of the steam turbine in America, and the electri- 
fication of various railroads both here and abroad 

With such a notable list of accomplishments, in the compara- 
tively short time since electricity began to be a factor in com- 
merce, the future promises amazing progress, in which the West- 
inghouse Company will undoubtedly continue to play a promi- 
nent part. 


ROOM ASSIGNED IN NATIONAL ACADEMY OF SCIENCE AND 
NATIONAL RESEARCH COUNCIL BUILDING 

The new building for the National Academy of Science and 
the National Research Council was dedicated with fitting 
ceremony on April 28th, in Washington, D. C. In token of the 
appreciation of the assistance rendered, a room was formally 
assigned to the Engineering Foundation. 

President, A. A. Michelson of the National Academy and 
Past President Gano Dunn, as Chairman of the Council and 
Building Committee took part in the presentation and Vice 
Chairman Edward Dean Adams accepted for the Foundation. 
Dr. Ambrose Swasey, the founder of the Engineering Foun- 
dation, expressed the gratification that was felt as the result of 
the cooperation between scientists and engineers. 


Montefiore Prize for Contributions on 
Electrical Developments 


A triennial prize of almost 15,000 franes for the best original 
paper presented on scientific progress and development in any 
branch of electricity has heen established by the George Monte- 
fiore Foundation, Liege, Belgium. This prizerwas instituted by 
George Montefiore, late President of Honor of the Association 
des Ingenieurs Electriciens and founder of the Institut Electro- 
technique Montefiore. - 

The competition for the 1923-25 award is now open and all 
works submitted for this prize should be received by the Foun- 
dation by April 30, 1925. The amount of the prize for this 
term is approximately 22,500 franes, which is somewhat greater 
than the normal amount. 

Detailed information may be secured from M. le Secretaire- 
Archiviste de la Foundation George Montefiore, Association des 
Ingenieurs Electriciens, rue Saint-Gilles, 31, Liege, Belgium. 


Addresses Wanted 


A list of names of members whose mail has been returned by 
the Postal authorities is given below, together with the addresses 
as they now appear on the Institute records. Any member 
knowing the present address of any of these members is requested 
to communicate with the Secretary at 33 West 39th St., New 
York, Ni; ¥: 

All members are urged to notify the Institute headquarters 
promptly of any change in mailing or business address, thus 
relieving the member of needless annoyance and also assuring 
the prompt delivery of Institute mail, the accuracy of our 
mailing records, and the elimination of unnecessary expense for 
postage and clerical work. 

1.—J. T. Brown, 522-32nd St., Oakland, Calif. 
2.—John P. Byron, ¢/o Waldorf Hotel, Seattle, Wash. 
3.—B. L. Cathey, 736 Ross Ave., Wilkinsburg, Pa. 
4.—D.5S. Dewire, 39-6th Ave., La Grange, Il. 
5.—W. A. Harding, Camp 60, Big Creek, Calif. 
6.—J. A. Hooper, 195 E. 47th St., Portland. Ore. 
7.—Tadashi lida, Architectural Dept., So. Manchuria Rwy. 
Co., Dairen, Manchuria. 
8.—Herbert A. Kellar, Colorado Power Co., Glenwood Springs, 
Colo. 
9.—Charles L. Kern, 1515 Monroe St., Chicago, II. 
10.—Albert L. Luther, 9341 Moffat St., Detroit, Mich. 
11.—Orrin MacMurray, ¢/o Crocker-Wheeler Co., Ampere, N.J. 
12.—S. F. Nelson, 57 14 So. Pryor St., Atlanta, Ga. 
13.—Thos. W. Rule, 500 Central National Bank Bldg., Topeka, 
Kans. 
14.—R. L. A. Strathy, 369 Clarke Ave., Apt. 5, Westmount, 
Que., Can. 
W.J. Timmins, 1219-11th St., Des Moines, Iowa. 


15. 


ee ee eT eee. 


- June 1924 


. professionally interested in researches upon it. 
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poe library " 5 cooperative activity of the American Institute of Electrical Engineers, the American Society of 
gineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechani- 


cal Engineers. 
library of engineering and the allied sciences. 


most of the important periodicals in its field. 
ninth St., New York. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


if ey to place the resources of the Library at the disposal of those unable to visit it in person, the Library 1s 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what is desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 6 p. m. 


BOOK NOTICES (APRIL 1-30, 1924) 


Unless otherwise specified, books in this list have been 
presented by the publishers. The Society does not assume 
responsibility for any statements made; these are taken from the 
preface or the text of the book. 


All the books listed may be consulted in the Engineering 
Societies Library. 
ALTERNATING CURRENTS. 

By Alfred Hay. 5th edition, rev. & enl. Lond., & N. Y., 
Harper & Bros., 1923. 420 pp., diagrs., 9 x 6 in., cloth. $3.50. 


Intended to furnish a general account of the principles, 
construction and use of alternate-current measuring instruments, 
generators, motors and transformers. Gives special attention to 
methods of testing. This edition contains new matter on 
polyphase commutator motors, the theory of unbalanced 
polyphase systems, instrument transformers and phase con- 
verters. 


L’Anazysis Situs pt La GEOMETRIE ALGEBRIQUE. 

By S. Lefochetz. Paris, Gauthier-Villars et Cie:; 
154 pp., 10x6in., paper. 20 fr. 

This monograph on Analysis Situs forms one of a series on the 
theory of functions issued under the editorship of Emile Borel, 
of the Institut de France. It is partially based on a series of 
lectures given in Rome, in 1921, under the auspices of the 
Institute of International Education, and on investigations 
carried out, shortly before that time, under the auspices of the 
American Association for the Advancement of Science. 
APPAREILS ET INSTALLATIONS TELEPHONIQUES. 

By E. Reynaud-Bonin. Paris, J. B. Bailliére et Fils, 1924. 
487 pp., illus., diagrs., tables, 9 x 6 in., paper. 450 fr. 

_ Beginning with the subscribers’ apparatus, the author 
successively considers the manual exchange, telephone networks, 
special installations, automatic telephony and the theory of 
telephone apparatus and lines. The work is descriptive rather 
than theoretical and is intended as a general introduction to the 
subject. 
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Drang Unp Zwane ....vol.1 
By Aug. Foppl and Ludwig Foéppl. 2d edition. Minich u. 
Berlin, R. Oldenbourg, 1924. 359 pp., diagrs., 10 x 7 in., paper. 


$3.36. 

A treatise on the theory of elasticity and the strength of 
materials, intended for persons, especially for engineers, who 
already have an acquaintance with the subject and who are 
It offers to those 
familiar with the solution of the simpler problems further light 
on problems of stress and strain, which will enable them to 
understand the results of advanced research and apply them to 
the more complex problems. 

The new edition has been corrected throughout, the results of 
recent investigations have been included and several new para- 
graphs have been added. 


ELECTRICITY AND MAGNETISM. 

By Sydney G. Starling. Fourth edition. Lond. & N. Y., 
Longmans, Green & Co., 1924. 612 pp., diagrs., 8 x 5in., cloth’ 
$4.00. 


A textbook for senior students which is designed to give an 
adequate knowledge of the present state of the subject, with due 
reference to the historical sequence of its development and to the 
effect_of modern research upon it. Covers the ground usually 
included in college courses and emphasizes theory rather than 
technical details or designs of machinery. This edition has been 
modified to accord with recent developments. 


ELpKTRISCHE HocHsPANNUNGSZUNDAPPARATE. 

By Viktor Kulebakin. Berlin, Julius Springer, 1924. 
diagrs., 10 x6in., paper. $1.00. 

The development of the internal combustion engine has been 
accompanied by a widespread production of high-tension ignition 
apparatus, but although millions of these devices are in daily use, 
there has hitherto been, this author states, no thoroughgoing 
study of their working process. _The present work, based on 
extended theoretical and experimental investigations by the 
author, attempts to throw light on the problem. 


90 pp., 


Factory MANAGEMENT. 

By Henry Post Dutton. N. Y., MacMillan Co., 1924. 
329 pp., illus., charts, tables, 8 x 5 in., cloth. $2.75. 

In this work the author attempts to give a balanced description 
of the operation of the several departments of a factory and to 
show their relation to each other and their problems as. part of 
the greater problem of coordinating all the activities of the 
organization toward the accomplishment of a single purpose. 
The book is an effort to collect the different theories and methods 
of production control and form from them a connected philosophy 
of control. The author tries to present the viewpoint of the 
owner and manager, as well as that of the specialist. 


FUNDAMENTALS OF Rapio. 

By James L. Thomas. N. Y., D. Van Nostrand Co., 1923. 
207 pp., illus., diagrs., 8 x 5 in., cloth. $1.50. 

An elementary exposition of the theory underlying the 
operation of radio apparatus, intended as a textbook for operators 
and mechanics, both professional and amateur. The author 
avoids the use of mathematics, when possible, and explains 
matters in non-technical language. 


Gyroscopg; Irs Practica CONSTRUCTION AND APPLICATION. 

By P. P. Schilovosky. Lond., E. & F. N. Spon, 1924. 224 
pp., illus., diagrs., tables, 9 x 6in., cloth. 14s. 

This volume is in three sections. The first treats of the 
mechanics of the gyroscope, discussing the three-framed and 
the two-framed gyroscope, the precessing spinning-top and 
gyroscopic systems of locomotion. Section two 1s devoted to 
monorail locomotion. The final section 1s a mathematical study 
of the theory of the monorail car, excerpted from the publi- 
eations of P. T. Papkovitch, The author writes from the 
viewpoint of the inventor, in simple, non-mathematical fashion. 
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INTEREST as A Cost. 

By Clinton H. Scovell. 
pp.,8x5in., cloth. $2.50. 

Interest on investment may be included in the selling price of 
an article either as part of its cost or of the profit, if a business is 
to succeed. The present author considers interest a proper part 
of cost, and his book is-written to present the reasons for this 
conclusion. ; Veen ed. : 

The theory supporting his position is given, and the attitude 
- of those in favor of it are set forth. The various objections to 
this view of interest are also given and answered specifically. 
The book should prove of interest to all students of cost 
accounting. 

INTERNATIONAL CiTIns aND Town PxLaNnNiING EXHIBITION. 

English Catalogue. Jubilee Exhibition, Gothenberg, Sweden. 
389 pp., illus., plans, 10x 7in., paper. $2.00. 

The Jubilee Exhibition at Gothenberg in 1923 brought 
together an interesting collection of data on town planning from 
eighteen countries and this catalog will be of interest to 
architects and engineers because of its historical and — de- 
seriptive notes and its profuse illustrations. The latter include 
ancient and modern plans and pictures showing the development 
of street and housing all over the civilized world. 

INTRODUCTION TO WIRELESS TELEGRAPHY AND TELEPHONY. 

By J. A. Fleming. Lond. & N. Y., Isaac Pitman & Sons, 1923. 
112 pp., illus., diagrs.,7x5in., cloth. $1.00. 

Dr. Fleming offers the general reader with some small ac- 
quaintance with electricity, a brief sketch of the general 
principles of wireless telegraphy and telephony as operated 
today. The book will also serve as an introduction to more 
advanced works. 

TonEN Unpd ELBKTRONEN. 

By H. Greinacher. Leipzig u. Berlin, B. G. Teubner, 1924. 
58 pp.,9x6in., paper. .42. 

A brief introduction to the subject, prepared to fill the need 
arising from the increasing industrial use of electron tubes. 
The author discusses volume ionization, the measurement of the 
ion flow, properties of ions, surface ionization, the law of free ions, 
the use of electron tubes. 


N. Y., Ronald Press Co., 1924. 254 


Linz CuHarts FoR ENGINEERS. 

By W.N. Rose. N. Y., H. P. Dutton & Co., 1923. (Direetly- 
Useful Technical Series). 95 pp., tables, 9x 5in., cloth. $3.00. 

Intended to call the attention of engineers to the possibilities 
of charts as aids to calculation and especially to show how charts 
may be most easily made from formulas. Little knowledge of 
mathematics is required. The examples are taken from engi- 
neering practise. The greater part of the book relates to 
nomograms, but some examples of intercept charts are also 
included. 


MANAGEMENT ENGINEERING. 

By P. F. Walker. N. Y., McGraw-Hill Book Co., 1924. 
359 pp., illus.,9x6in., cloth. $3.50. 

This textbook, prepared for classroom use by students of 
engineering, is intended as an introduction to all the various 
economic subjects of which an engineer should have some 
knowledge. It is designed to introduce the student to the main 
principles that underlie business procedure and to lead to more 
extended specialized treatises. A bibliography is included. 
Manpower IN INpDUSTRY. 

By Edward 8. Cowdrick. N. Y., Henry Holt & Co., 1924. 
388 pp., 8 x 5in., cloth. School edit. $2.50; trade edit. $3.25. 

The purpose of the author is to present the principles under- 
lying human relationships in industry and the more important, 
methods that have been. used in dealing with practical problems 
of personnel administration. The needs of the business executive 
and director of industrial relations, as well as those of students, 
have been kept in mind. The author discusses the principal 
labor problems of today. 

Marine Botter MANAGEMENT AND CONSTRUCTION. 

By C. EH. Stromeyer. 6thedition. Lond. &N. Y., Longmans, 
Green & Co., 1924. 398 pp., illus., diagrs., tables, 9 x 6 in., cloth. 
$7.00. 

The sixth edition of this well-known treatise on the manu- 
facture and management of marine boilers has been considerably 
revised and enlarged. Notes have been introduced about 
electric welding and other new topics, and the results of recent 
study on heat losses, on the strengths of furnaces and flat plates 
and on similar matters of importance. The book is practical in 
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character and presents the conclusions of an engineer with wide 
experience in the subject. 
PrincipLes or Exvzcrric. Motors aNnp CONTROL. 

By Gordon Fox. N. Y., McGraw-Hill Book Co., 1924. 
499 pp., illus., diagrs.,8x 5in., cloth. $3. 50. 

Differs from most texts on electric motors and controllers by 
emphasizing matters of application and operation rather than 
those of design. The book describes the principles, character- 
isties, performance and construction of this apparatus, and is 
intended to aid in the selection of suitable apparatus for a given 
purpose and its proper application. The text is simple and 


practical in character. Higher mathematics is avoided. 
Numerous short bibliographies are included. 
PRINCIPLES OF ELECTROPLATING AND EHELECTROFORMING. 


By William Blum and George B. Hogaboom. N. Y., MceGraw- 
Hill Book Co., 1924. 356 pp., illus., tables, 9 x 6 in., cloth. 


$4.00. 

Contents:—Methods of expressing conditions of operation. 
Principles of chemistry. Elementary principles of chemical 
analysis. Principles of electricity. Principles of electro- 
chemistry. Factors governing the character of the deposits. 
Selection, specification and inspection of electrodeposits. 
Preparation for electroplating. Preparation for electroforming. 
Electrical Equipment. Tanks and their equipment. Copper 
deposition. Nickel deposition. Cobalt and iron deposition. 
Deposition of zinc and cadmium. Lead and tin deposition. 


Silver deposition. Gold and platinum deposition. Deposition 
of alloys. Experiments in  electrodeposition. Appendix: 
Tables. : 


The authors of this work have been associated for several 
years with the investigation of electrotyping processes at the 
Bureau of Standards. This experience has shown them that 
there is need for an account of the fundamental principles of the 
sciences related to these subjects, which will assist those engaged 
in the industry to understand and apply the results of the specifie 
investigations undertaken by various research and educational 
institutions. The present volume is prepared with that object 
rather than to present the results of research. 


PutverizeD Furt, ConttomaLt Furr, Furn Economy AND 

SMOKELESS COMBUSTION. 

By Leonard C. Harvey. Lond., Macdonald & Evans. 1924. 
(Reconstructive Technical Series) 466 pp., illus., diagrs., tables, 
10x7in., cloth. 2/2/0. (Gift of the Author) 

The author of this volume was sent to America during the 
Great War, to study methods of fuel economy for the British Fuel 
Research Board. His investigations at this time and the results 
of his continued study in the intervening years are now brought 
together in the present work. Mr. Harvey has written a com- 
prehensive technical and practical treatise descriptive of the 
various pulverized fuel systems, machinery and applications, 
which exhibits the present state of the art in very satisfactory 
fashion. Much information on costs of installation and 
operation is included, as well as on the results obtained in various 
countries and an extensive selected bibliography is given. 
RECEPTION DES S1gNaux HorarRges. 

By France. Bureau des Longitudes. 
Villars et Cie., 1924. 
21 fr. 

This book, issued by the Bureau des Longitudes is not designed 
to describe, even generally, all the methods now in use for 
broadcasting and receiving radio messages. It does, however, 
give much useful information on the methods and receiving 
apparatus which are of direct interest to scientists, sailors, 
aviators and meteorologists, and it furnishes detailed instructions 
for utilizing radio to distribute time, to determine differences in 
longitude, and to diffuse meteoroligical, seismological and other 
scientific information. 
TascHENBUCH Fur Den MascHINENBAU. 

By H. Dubbel. Ed. 4. Berlin, Julius Springer, 1924. 2 View 
illus., diagrs., tables,8x5in., cloth. $4.30. 


A concise work of reference for mechanical engineers, covering 
mathematics, mechanics, fuels, materials, machine elements 
power plants, prime movers, hoisting and conveying machinery, 
machine tools, and electricity. Mathematics and mechanics 
are thoroughly treated, with special attention to principles 
and with numerous examples of the practical use of important 
formulas. The practical part was prepared with special con- 
siderations of the machine designer and builder, to whom it 
gives a quick survey of those topics outside his special field and 
an acquaintance with the most important methods and numerical 
data. The book is the joint effort of a number of specialists. 


Paris, Gauthier- 
226 pp., diagrs., tables, 10 x 6 in., paper. 
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Dis TEcHNISCHE CHLORALKALI-ELEKTROLYSE. 
AB die Billiter. Dresden u. Lpz., Theodor Steinkopft. 
80 pp., diagrs., tables, 9x 6in., paper. .60. 

This monograph is a concise presentation of the principles of 
the various electrolytic methods for making ee, ete 
alkalies, hypochlorites, chlorates and perchlorates, together with 
special reference to the processes that have been commercially 


successful in recent years and to the modern development of the 
industry as a whole. 


TREATISE ON LiGurt. 

By R. A. Houston. Newedition. Lond., & N. Y., Longmans 
Green & Co., 1924. 486 pp., illus., diagrs., tables, 9 x 5 in., 
cloth. $4.00. 

A textbook for students who have had training in physics and 
are proceeding further with the study of light. It differs from 
other books on light by a more systematic treatment, also by 
dealing with the full scope of the subject and including the 
results of recent investigations. The new edition is corrected 
and has an added chapter on recent advances. 

TuULLEY’s HanpBooK; STEAM AND ELECTRICAL. 

By Henry C. Tulley. 7th edition, rev. & enl. by James F. 
Hobart. N. Y., McGraw-Hill Book Co., 1924. 3 v., illus., 
diagrs., tables, 8x 5in., cloth. $7.50. 

A handbook for men engaged in the operation of power plants 
as engineers, firemen, mechanies, ete. Explains the theory, 
construction, operation and maintenance of power plant 
machinery in simple, practical fashion. 

Unitep States EMPLOYMENT SERVICE. 

By Darrell H. Smith. 

PatTENT OFFICE. 

By Gustavus A. Weber. 

Orrick OF EXPERIMENT STATIONS. 

By Milton Conover. 

(Institute for Government Research. Service monographs of 
the U. 8. Government, nos. 28, 31 & 32). Balto., Johns Hopkins 
Press, 1923 & 1924. 9x6in.,cloth. $1.00 each. 

Like previous volumes of this series, these monographs explain 
in detail the history, development and functions of the govern- 
ment services to which they refer. The studies are prepared ona 
uniform plan and are descriptive, not critical; their purpose 
being to furnish accurate accounts of the services, their equip- 
ment, cost and achievements. 

Wiring For Licht aND PowER. 

By Terrell Croft. 4th edition. N. Y., McGraw-Hill Book 
Co., 1924. 551 pp., illus., diagrs., 8 x5 in,, fabrikoid. $3.00. 

A commentary on the National Electrical Code, which supplies 
explanations, elaborations and illustrations for the sections to 
which it is necessary to refer most frequently. The text of 
these sections is given verbatim and followed by the supple- 
mentary text and drawings. The reasons for the code rules are 


thoroughly discussed. , 
This edition has been completely rewritten, to conform to the 


rearranged and revised “1923 Code.” 


1924. 


LIBRARY LOANS STIMULATE BOOK BUYING 


The members who are borrowing books from the Library 
under the new loan plan are availing themselves of the privilege 
of purchasing the books to an unexpected degree. The Library 
practically sends out books on an approval plan similar to that 
used by some publishers. Tf the borrower finds that the book 
sent will be of permanent use to him he can send to the Library 
the amount for which the book has been insured, as this is 
equivalent to the publisher’s price, and the book becomes his 
property. If there is only a temporary need for the book, it 
may be retained as long as required and then returned to the 
Library. For this a rental of five cents a day is charged after 
the allowance for time in transit has been deducted. 

The Library hopes to serve by this plan the members who 
are removed from large collections of engineering books. By 
retaining the books which they find helpful, a small working 
collection will soon be secured. It also offers them an oppor- 


tunity to keep informed concerning developments in various 


fields of engineering. ' 
Requests for loans should be addressed to the Engineering 


Societies Library, 29 West 39th Street, New York. N. ive 
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ANDERS OxbHuFwup has accepted a position as Designer 

with the Utica Gas and Electric Company, Utica, N. Y. 

Epwarp J. Brannican, formerly Sales Engineer, Westing- 
house Elec. & Mfg. Co., Buffalo, N. Y., is now located with the 
Maloney Electric Co., St. Louis, Mo. 

J. B. StrvermMan is now connected with The Ohio Edison 
Company, Springfield, Ohio, having severed his connections with 
The Union Gas and Electric Company. 

J. Irwin Moore has accepted a position with the Electric 
Storage Battery Company as an erecting engineer, after resigning 
from the Philadelphia Electric Company. 

H. H. Kerr has recently been appointed Superintendent of 
the Electrical Department of the Public Service Company of 
Colorado, succeeding Donald C. MeClure. 

Frep J. W. Luck is now Territorial Manager with the 
Westinghouse Electric International Company, 2 Norfolk St., 
Strand, London, England. Mr. Luck was formerly Special 
Representative in Rio de Janiero, Brazil, S. A. 

R. P. McCurtuan is now employed by the West Penn 
Company, Pittsburgh, Pa. in the capacity of Division Engineer 
of the Brooke Division with headquarters at Wellsburg, W. Va. 

Pury P. Press resigned his position as Welding Engineer 
with the Lincoln Electric Co. and is now associated with the 
Ohio Brass Co., as Development Engineer Mansfield, Ohio. 


Grorce R. Herner has left the Cline Electric & Mfg. Co. 
and is now connected with the Cutler-Hammer Mfg. Co., 
Printing Equipment Department, Times Bldg., New York City. 


Harotp K. Lowry is now connected with the Sprague 
Safety Control and Signal Corporation, Chicago, IL., having left 
the employ of the Chicago Rock Island & Pacific Railway. 


Joun H. Donauue, formerly with Abbott-Merkt & Co., 
Tullytown, Pa., has accepted a position as Electrical Super- 
intendent with the Phoenix Utility Co., New Orleans, La. 


Gano Dunn, Past President of the Institute, was recently 
re-elected Chairman of the National Research Council. He has 
also been elected to membership in the American Philosophical 
Society. 


K. V. Farmer, is now Electrical Engineer with the Schiefer 
Electric Co., 614 City Bank Bldg., Syracuse, N. Y., having 
resigned his position as Supt. of the Electric Dept. of the Syracuse 
Lighting Co. 

Henry C. Watrter, formerly in the engineering department 
of the Allis-Chalmers Mfg. Co., has accepted the position of 
Engineer in charge of d-c. design with Fairbanks Morse & Co., 
Indianapolis, Ind. 


J. Srantey Brown is now Electrical Designer, Dwight P. 
Robinson & Co., Inc., Seal Beach, Calif. He accepted this 
position after severing his connections with the Phoenix Utility 
Co., New Orleans, La. 

G: Murcautre Simonson, formerly Chief Electrical Hngineer, 
State Dept. of Public Works, Sacramento, California, has now 
become a member of the firm of Simonson & St. John, Flatiron 
Bldg., San Francisco, Calif. 

Davip D. Grisson, Jr., who has been serving as Field 
Engineer of the Springdale Power Station for Sanderson & 
Porter Corp., has resigned, and will become connected with The 
Dixie Construction Co. of Birmingham, Ala. 

Marcet M. Goxpen has been appointed by his company, 
Constructions Electriques de France, Paris, as Chief Engineer in 
connection with their Spanish agency in Madrid in charge of 
railway electrification and hydroelectric power plants. 
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Ernar A. Broros has resigned his position as Managing 
Director of the Western Electric Norsk Aktieselskap, Christiania 
to become European Commercial Manager of the International 
Western Electric Company, Inc., Connaught House, Aldwych, 
London. 

Frep C. DeWeese has resigned his position as General 
Superintendent of the Eastern Minnesota Power Company, 
Pine City, Minn., and is now connected with the Louisville Gas & 
Electric Co., Louisville, Ky. in the Distribution and Con- 
struction Department. 

Hersert W. Kivwe tt resigned his position with the Wash- 
ington & Old Dominion Railway as Electrical Engineer to take 
the position of Southern Department Manager of the National 
Railway Appliance Co. of New York City, with headquarters in 
the Munsey Bldg., Washington, D.C. 

Justin L. Fearine, formerly a member of the Examining 
Staff of the U. S. Patent Office, and subsequently associated 
for several years with the Patent Department of the Western 
Electric Co., Inc., has opened an office at 31 Milk St., Boston, 
Mass., specializing in soliciting patents. 

WixuiamM Exspon-Dew, consulting engineer of Johannesburg, 
and Local Honorary Secretary of the Institute in South Africa, 
attended the meeting of the Institute in New York, May 16, 
during a few weeks’ visit to the United States before departing 
for the World Power Conference in London. 

Rosert Barrp WiLiiaAMmson, Hlectrical EKngineer in charge 
of alternating current design of the Allis-Chalmers Mfg. Co., 
sailed on April 26th for a two months’ trip to the British Isles 
and the Continent. During his trip Mr. Williamson will inspect 
European engineering developments and will attend the British 
Empire Exposition at Wembly. 

Aurrep D. Furnn, Director of Engineering Foundation, has 
been made an honorary foreign member of the Masarykova 
Akademie Prace, of Prague, as a token of appreciation for 
helpfulness extended by the Foundation and an expression of 
goodwill toward American engineers. The: election by the 
Academy was approved by decree of the government of the 
Republic of Czechoslavakia, given through its Minister of 
Foreign Affairs. 

Auten H. Bascock, research engineer for the Southern 
Pacific Company, and for the past three years identified with the 
American Radio Relay League as a Pacific Coast director, has 
been appointed by President Coolidge, on recommendation of 
Secretary of Commerce Hoover, as one of a committee of three 
to represent the United States in a radio conference to be held at 
Mexico City, beginning May 26. 

Henry A. Larpner, Fellow of the Institute and Vice- 
President of the J. G. White Engineering Corporation, has been 
elected mayor of Montclair, N. J. There were five commission- 
ers elected at the municipal election held May 138, and Mr. 
Lardner received the highest vote of the eighteen candidates. 
The newly elected commissioners, at their organization meeting 
on May 20, elected Mr. Lardner to the office of mayor. 

Euiat THomson sailed April 26th on the Comte Verdi for 
a three months’ tour of European countries. While abroad, he 
will receive the Lord Kelvin gold medal, which was recently 
awarded to him. The presentation will be made early in June 
at London, England. This award, made through joint action of 
British and American engineering societies, occurs every three 
years and is a mark of distinction for excellence in research work 
in engineering. Prof. Thomson is the first American to receive 
the honor. 


Water D’Arcy Ryan, head of the General Electric il- 
luminating engineering laboratory, has recently been awarded a 
grand prize for the electrical illumination of the Brazilian Centen- 
nial Exposition, held at Rio de Janeiro in 1922, as collaborator 
with the General Electric Company of South America: and also 
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an individual prize in recognition of his work as Director of 
Illumination, particularly for the effects he secured with his 
Novagem jewels of various colors. Mr. Ryan was selected for 
this work as a result of his success with similar work at the time 
of the Panama-Pacific International Exposition. 


Pauv C. Sorssy leaves Japan via Paris for New York in 
June. Mr. Sorsby came to Japan via Vancouver in March 1922 
in the interests of the International General Electric Company as 
engineer in charge of steam turbo alternator erection and 
complaints. He and his assistant, Mr. Okuma, were in Yoko- 
hama at the time of the earthquake last September. Although 
falling three stories in a brick building, Mr. Sorsby managed to 
make his escape only a few minutes before the fire reduced the 
entire city to ashes. Mr. Okuma was killed in the crash but 
fortunately Mr. Sorsby escaped with but slight bruises. Mr. 
Sorsby has been associated with the General Electrie Company in 
various capacities since 1910 and has been a member of the In- 
stitute for a number of years. 


Obituary 


Cuester T. Auicurr, an Associate of the Institute, died on 
March 10, 1924. Mr. Alleutt graduated from Stanford Uni- 
versity in 1915, and later became Research Engineer with the 
Westinghouse Electric and Mfg. Co., East Pittsburgh. 


THEODORE VLADIMIROFF, electrical engineer, died the latter 
part of February after a week’s illness. Mr. Vladimiroff was 
born in Bulgaria and educated at the American Institute at 
Samokove, later coming to America to the University of Mich- 
igan. Since 1904 he has been connected with the firm of Martin 
C. Schwab, Chicago, Ill. Mr. Vladimiroff became an Associate 
of the Institute in 1908. 


Henry C. Ecrrron, inventor and engineer, died on Feb. 18, 
1924. For many years he was connected with the Western 
Electric Co., New York City, in various capacities, during which 
time he contributed many inventions to the industry, including 
telephone apparatus and circuits. 

In 1910 Mr. Egerton graduated from Cooper Union with a 
B. 8. degree and in 1912 was awarded the degree of Electrical 
Engineer. 

After leaving the Western Electric Co., he formed a company 
of his own; and in 1920 became General Manager of the Edison 
Storage Battery Co., West Orange, N. J. 

Mr. Egerton became a Member of the Institute in 1918. 


Eimer K. McDowe tu died suddenly of acute dilation of the 
heart on March 19, 1924 at the offices of the Donora Steel Works, 
Donora, Pa. Mr. McDowell was a graduate of Pennsylvania 
State College. He was connected with various firms as drafts- 
man, designer and estimator, later becoming Chief Works 
Manager and Chief Drafting Engineer for the Donora Steel 
Works, which position he held at the time of his death. 

Mr. MeDowell was an accomplished musician and the author 
of numerous technical treatises. He was a member of the 
American Society of Mechanical Engineers and recently became 
an Associate of the Institute. 


Henry M. Bytiessy died on Thursday, May 1, 1924 after 
being seriously ill for several months with heart trouble. Colonel 
Byllesby was born in Pittsburgh, February 16,1859. Hestudied 
at the Western University of Pennsylvania in 1871-73 and at 
Lehigh University 1873-77. In 1879 he entered the drafting 
office of Robt. Wetherill & Co., manufacturers of Corliss engines. 
On June 1, 1881 he entered the service of the Edison 
Company for Isolated Lighting, New York, as draftsman on 
plans of the first power station in the U. S., the Pearl St. station. 
Leaving the Edison Co. in 1885, he became associated with the 
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Westinghouse Co. on November Ist and in association with 
Westinghouse, Stanley and others produced in 1886 the first 
commercial a-c. lighting apparatus. Subsequently, he was 
associated among others with the Thomson Houston Co., the 
U.S. Elec. Lt. & Pr. Co. and the Electric Vehicle Co. In 1902 
he established in Chicago the organization of H. M. Byllesby & 
Co., Inc., of which he was president. Within a few years this 
organization became prominent in the financing, designing, 


construction, operation and management of electric and gas 


companies. Mr. Byllesby entered the Institute as an Associate 
in 1904, became a Member in 1912 and a Fellow in 1920. He 
was a member of the Edison Medal Committee 1920-24. 


_ Cuaries E. L. Brown, organizer and head of Brown, 
Boveri & Co., Switzerland and Honorary Member of the In- 
stitute, died on May 38, 1924, after a short illness at his home in 
Montagnola, Switzerland. Dr. Brown who was born in Winter- 
thur, Switzerland in 1868, entered the service of the Oerlikon 
Engineering Works in 1883 and two years later became director 
of the electrical department. In 1886 he constructed a direct- 
current, high-tension line conveying 50 h. p. of hydroelectric 
power five miles into Solothurn, Switzerland. His next under- 
taking was the 600-h. p. Schoffhausen plant at the falls on the 
Rhine, employing two 625-volt d-c. generators in series. In 
1888 Mr. Brown produced some exceptional electrolytic gener- 
ators having outputs of 12,500 amperes at 20 volts. He later 
turned his attention to single-phase transformers and generators 
and when Tesla brought out his polyphase system, he 
recognized its application to long distance transmission at high- 
voltage and designed the first oil-insulated high-tension trans- 
formers. In 1890 he had a 40,000-volt test set in use. In 
1891 Dr. Brown organized Brown, Boveri & Co., where he took 
up the development of the revolving-field type alternator. He 
developed numbers of machines, among them, a commercial 
single-phase motor, starting on the split-phase principle. He 
built a three-phase railway at Lugano in 1894, following it with 
those on the Gorner Grat, the Jungfrau and one at Thun. Dr. 
Brown was made an Honorary Member of the Institute in 1912. 


“= eee 


Past Section and 


¢ 
suegteemmntetinionnnememitseeteneeueeerenenerceoeeemmnenisisiononsieeii noisier 
_ 


SECTION MEETINGS 
Akron 
Instrument Transformers, by E. S. Foster, Packard Electrie Co. 
A number of interesting slides were shown. May 3. At- 
tendance 70. 
Atlanta sod 
Crossing Bridges and Scaling Stone Walls, by_C. E. Skinner, 
Westinghouse Electric & Manufacturing Co. The lecture 
was very interesting and instructive. April4. Attendance 70. 
Baltimore ; 
Outstanding Developments in Radio, by Professor L. F. Hazeltine. 
The speaker gave a very interesting talk on radio recelving 
circuits and exhibited slides and several different types of 
receiving sets. Refreshments were served. February 15. 
Attendance 185. 
Holtwood Power Development, 
Thomas. 
Hydraulic Turbines and Draft Tubes, by F. H. Rogers. ; 
The New Holtwood Construction, by J. Walter May. An inspec- 
tion trip was made to the power plant at Holtwood, Pa. 
This meeting and inspection trip proved an. exceptionally 
interesting one, as construction work was going on at that 
time. Joint meeting with A. S:M.E. March1. Attend- 
ance 70. 
Interconnection and Superpower, by Stevens T. Hayes. The 
talk proved to be very interesting and he illustrated many 
points with slides. Refreshments were served. March 


21. Attendance 60. 


by N. B. Higgins and) hs LU: 


Boston 


acte Insulation Failures in 
Be ay H. C. Hamilton and R. W. Chadbourne. 


talk was illustrated with lantern slides. April 22. 
tendance 70. 


Transmission Lines, by 
The 
At- 
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Cuarues B. McLmrr, designer, inventor and engineer, died 
on April 17, 1924 at St. Mary’s Hospital, Passaic, N. J. Mr. 
MeLeer was born in Brooklyn, N. Y. June 1, 1877 and received 
his education at the Brooklyn High School and Pratt Institute. 

In 1897 he entered the employ of the Western Electric Co. 
and four years later became assistant engineer to Geo. T. Han- 
chett of the General Electric Inspection Co. In 1904 he was in 
charge of all engineering for the McLeer Engineering Co. and 
after a number of years became associated with the Electric 
Carrier Co. and the Electric Transportation Co., during which 
time he designed and constructed an experimental and demon- 
stration plant at Paterson, N. J., proving the practicability of the 
Electric Carrier Method of propulsion for commercial use. 
He was also responsible for all plans, specifications and estimates, 
including those for an underground mail transportation system 
between Grand Central and Pennsylvania Stations in New York 
City. Mr. MeLeer was the inventor of and held the patents on 
the McLeer Automatic Train Signal System, for use on electric 
and steam railways. 

In 1920 he was in London, preparing a system of mail transit ” 
for the British Government. Upon his return he became 
associated with the Continuous Transit Co. as Construction 
Engineer in the building of the moving platform at Jersey City, 
and assisted in the design and construction of the inductive drive 
method of propulsion. In February of this year Mr. McLeer was 
appointed Vice President of the Company. 

Mr. MecLeer became a member of the Institute with the grade 
of Fellow in 1920. 


EEE 


Date of Annual Meeting of A. M. E. S. 


Changed 


The date of the Annual Meeting of the Associated Manu- 
facturers of Electrical Supplies and the Section Meetings, 
which had been fixed for the week beginning June 23, 1924, has 
been changed to the week beginning Monday, June 16, 1924, 
at the same place,—the Hotel Ambassador, Atlantic City, New 
Jersey. 


Branch Meetings 


Value of Report by the Power Investigating Committee of the 
Associated Industries of Massachusetts to Industries: Cost 
of Power Production in Isolated Plants, by Charles T. Main. 

Interconnection between Utilities in New England: Sources of 
Supply of Additional Hydro Power, by H. I. Harriman. 

Comparison of Cost of Canadian Power and Steam Power Gener- 
ated in New England, by Dugald C. Jackson. The meeting 
was preceded by a buffet supper. April 29. Attendance 
300. 

Cincinnati 

Telephone Transmission, by H. S. Osborne, American Telephone 
& Telegraph Co. The speaker also gave a description of 
the radio, wire and submarine cable circuit from Catalina 
Islands off the Pacific Coast to Havana, Cuba. It was 
well illustrated with movies and lantern sides. March 13. 
Attendance 60. 

Correcting Low Power Factor at the Source, by Bradley T. Me- 
Cormick, Wagner Electric Corp. The speaker very clearly 
described the design and construction of the Fynn-Weichsel 
motor, also its operating characteristics. This talk was well 
illustrated with lantern slides. May 8. Attendance 61. 


Cleveland 
Analyzing Some of the Fundamentals of Engineering, by Chas. F. 
Kettering, General Motors Research Corp. Joint meeting 
with the Uluminating Engineering Society. April 24. 
Attendance 200. 
Columbus 
History of the Automatic Telephone, by C. A. Swoyer, Ohio Bell 
Telephone Co. The speaker’s talk included a demonstra- 
tion of the operation of the automatic telephone, showing 
the entire handling of a telephone call. Prior to the lecture 
the following motion picture films were shown: Pillars of the 
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Sky; Behind Your Telephone, and Telephone Inventors of 
Today. January 4. Attendance 34. . 

Japanese Power Systems, by S. T. Hayes, Westinghouse Elec. 
& Mfg. Co. The lecture was illustrated by several reels of 
motion pictures and a large number of slides. January 25. 
Attendance 26. 

The Russian Revolution and Its Lessons to the American Engineers, 
by Professor C. A. Norman, Ohio State University. A 
noon-day luncheon preceded the talk. Joint meeting with 
the Engineers’ Club of Columbus. February 9. At- 
tendanee 44. 

Railway Electrification, by F. E. Wynne, Westinghouse Elec. 
& Mfg. Co. The lecture was illustrated with motion pic- 
tures and lantern slides. Joint meeting with Engineers’ 
Club. February 15. Attendance 35. 

Ventilation from the Medical Viewpoint, by Dr. E. A. Hayhurst, 
Ohio State University. This joint meeting with the Engi- 
neers’ Club was in the form of a noon-day luncheon. Feb- 
ruary 23. Attendance 53. | 

Modern Street Lighting, by Professor F. C. Caldwell, Ohio State 
University. The talk was illustrated with lantern slides, 
showing the development and theory of street-lighting 
practise. ; 

The Columbus Street-Lighting Demonstration, by M. 8S. Hopkins, 

: Chairman of the Chamber of Commerce Committee on 
Street Lighting. After the discussion those present 
inspected the 11 sets of street-lighting equipment which 
have been installed in the business and residential sections 
of Columbus. Joint meeting with the Illuminating Engi- 
neering Society. April 11. Attendance 37. 

Niagara Falls Power, by E. J. Wills, The Niagara Falls Power 

Co. In the afternoon an inspection trip was made through 

the plant of the Robbins and Myers Co. Joint meeting 

with the Springfield Engineers’ Club. April 25. At- 

tendance 102. 

Denver 

Valmont Development of the Public Service Company, by 

H. H. Kerr, Public Service Co. of Colorado. The talk was 

illustrated by lantern slides. A dinner preceded the meet- 

ing. April18. Attendance 95. 


Th 


a 


Detroit-Ann Arbor 
The New Trenton Channel Plant, by P. W. Thompson, Detroit 
Edison Co. 
120,000-Volt Transmission System, by A. A. Meyer. Both 
talks were well illustrated with pictures showing the details 
of the power plant, out-door bus-bars, transmission line, 
ete. Mr. Meyer gave a brief history of the development of 
the Detroit Edison Power System from 1904 to the present 
se Joint meting with A.S.M. EH. April17. Attendance 
fsy, 
High-Voltage Line Insulators, by A. O. Austin, Ohio Insulator 
Co. The talk was illustrated with slides.. May 8. At- 
tendance 50. 


Th 


ad 


Erie 

Advantages of Belonging to the®American Institute of Electrical 
Engineers, by Mr. Siebert. 

Internal-Combustion Electric Locomotives, by H. Lemp, General 
Electric Co. The lecture was illustrated with a large num- 
ber of lantern slides. The newly elected officers for the 
coming year are as follows: Chairman, B. L. Delack; 
Secretary, L. H. Curtis; Executive Committee, James 
Burke, M. P. Ames and Hermann Lemp. April 30. At- 
tendance 129. 

Fort Wayne 

Asphaltic Highway Construction, by Geo. W. Craig, Middle 
Western Branch of the Asphalt Association. Two reels of 
motion pictures were shown. Refreshments were served. 
March 27. Attendance 50. 

Electricity Supply Industry and The Engineer, by R. F. 

Schuchardt. Following the talk, a committee was appointed 
to investigate the construction of the Maumee River dam, 
now being built by the City of Fort Wayne, and the power 


facilities of the river. Refreshments were served. April 
17. Attendance 62. 
Ithaca 
Cooperation in the Electrical Industry, by F. M. Feiker. April 


25. Attendance 160. 


Kansas City 
A lecture was given by Dr. R. C. Moore on his recent trip through 
the Grand Canyon and was illustrated by moving pictures. 
The meeting was followed by an informal dance. Joint 
meeting of various Engineering Societies, under the auspices 
of A. I. E. KE. and Engineers’ Club of Kansas City. April 
26. Attendance 140. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


Lehigh Valley : 

Supervisory Control of Power Circuits, by C. E. Stewart, Genera. 
Electric Co. The talk was illustrated by lantern slides and 
a very ingenious moving picture, showing the wiring con- 
nections and operation of the apparatus. Mr. J. L. MeCoy, 
Westinghouse Electric & Mfg. Co., covered the same 
subject and illustrated his talk by a model equipment show- 
ing very clearly how this new system of control is operated. 
Preceding the meeting, dinner was served. The following 
officers were elected for the new year: Chairman, Professor 
J. L. Beaver; Secretary-Treasurer, G. W. Brooks; Execu- 
tive Committee, A. L. Wagner, W. H. Lesser and W. W. 
Perry. May 8. Attendance 61. 


Lynn 

An inspection trip was made to the fortifications which guard 
Boston harbor. April 12. Attendance 300. 

Mercury-Vapor Process, by Edward V. Pollard.- Mr. E. D. 
Dickinson, General Electric Co., showed a number of lan- 
tern slides of the Mercury Turbine Plant at Hartford, Conn., 
and explained some of the details of construction peculiar 
to the operation of the mereury turbine. 

Advantages of Using High Pressure and Superheated Steam, by 
Albert G. Gale. April 16. Attendance 75. : 

Close Limits in Shop Work, by B. H. Blood, Pratt & Whitney Co. 
April 23. Attendance 250. ; 

The National Forests, by Philip W. Ayres. April 30. At- 
tendance 125. f 4 

Local Street-Railway Problems, by W. Whiteford, Twin City 
Rapid Transit Co. March 24. Attendance 33. ; 

My Trip through Africa, by Thomas Dunean, Duncan Electrie 
Co. April 28. Attendance 80. 

Electrolysis, by John BE. F. Zink, Oklahoma Natural Gas Co. 

The Conversion of the Tulsa Telephone System from Manual to 
Machine Switching, by D. C. Bacon, Southwestern Bell 
Telephone Co. 

Travelogue on South America, by Calvin W. Rice, Secretary, 
A. S. M. E. The following officers were elected for the 

“coming year: Chairman, T. M. Fariss; Vice-Chairman, 
R. B. George and E. R. Page; Seeretary-Treasurer, A. D. 
Stoddard. April26. Attendance 27. 


New York 


The Atmosphere As a Factor in Electrical Engineering, by Presi- 
dent Harris J. Ryan. This meeting was held in connection 
with the Annual Business Meeting of the Institute, an 
account of which is given elsewhere in this issue. May 16. 
Attendance. 175. 

Philadelphia 

Railroad Electrification—Its Present Development and Future, 
by J. Van Buren Duer, Pennsylvania Railroad System. Mr. 
Duer not only traced the history of the electric locomotive 
from its early inception up to the present day but sum- 
marized the possible economies of electric operation. 
This subject was also discussed by Messrs. H. K. Smith, 
L. F. Deming, W. K. Vanderpoel, F. J. Chesterman, Dew- 
hurst, Schute, H. C. Albrecht and N. E. Funk. April 14. 
Attendance 1000. 

Pittsfield 

Institute Activities in District No. 1, by C. Faccioli. The speaker 
briefly told of the coming first regional convention to be held 
in Woreester, June 4 and 5. 

The Relation of the Engineer to His Profession, by H. B. Smith. 

Mr. Daniel J. Sullivan also entertained the Section with ‘“‘light- 
ning’ calculations. Annual Dinner. March 27. At- 
tendance 119. 

Recent Developments in Small Arms, by Major Earl McFarland 
of the Ordnance Department of the U. S. A. April 10. 
Attendance 125. 

Electric Transmission and Reproduction of Sound, by W. H. 
Martin, American Telephone and Telegraph Company. 
The speaker discussed the requirements for good repro- 
duction, general operation of systems for the electric trans- 
mission and reproduction of sound, the characteristics of 
sounds, and the more common eauses of distortion. He 
demonstrated these features by means of a typical broad- 
casting studio and receiving station. May 1. Attend- 
ance 250. 

Providence 


The Super-Heterodyne, by Major E. H. Armstrong, Columbia 
University. The talk, which was well illustrated by lantern 
slides, covered the conception of the idea of the super- 
heterodyne and the development of this circuit to its present 
state. Joint meeting with the A. S. M. E. and the Radio 
Section of the Providence Engineering Society. May 2. 
Attendance 350. 
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Rochester 


Education and Development of Men for the Industry, by P. M 
acctmCoen University. “April 4. Attendance. 60. 

The Measurement of Management, by Joseph W. Roe, New York 
University. The following officers were elected for the 
coming year: Chairman, F. T. Bryne; Vice-Chairman, H. C. 
Ward; Secretary-Treasurer, E. A. Reinke; Executive Com- 
mittee, A. Soderholm, Elmer E. Strong, Roger DeWolf and 
H. L. Gordon. Joint meeting with A. S. M. E. and Roch- 
ester Engineering Society. May 2. Attendance 65. 


St. Louis 


Rigid Airships in War and Peace, by Starr Truscott, Naval 
Bureau of Aeronautics. The talk was very instructive and 
was well received by everyone. The following officers were 
elected for the new year: Chairman B. D. Hull; Secretary, 
Chris H. Kraft. April 23. Attendance 124. : 


San Francisco 

General Electric Company’s Pacific Coast Broadcasting Station 
K ),” by R. C. Koernig. Those present made an inspeec- 
tion trip to the General Electric Company’s ‘‘K GO” 
Fee Station in Oakland. March 28. Attendance 
Automatic Stations and Their Remote Supervision, by Chester 
Lichtenberg, General Electric Co. The speaker ac- 
companied his talk with a number of lantern slides and two 
moving pictures, which illustrated the subject by means of 

animated diagrams. April 25. Attendance 135. 


Seattle 
The Public Address Systems, Their Applications and Use on 
the Pacific Coast, by C. N. Cole, Pacific Telephone & 
Telegraph Co. April 16. Attendance 47. 


Spokane 
An Outline of the Advance in the Art of Hydroelectric Power- 
Station Construction, by R. L. Hearn, Washington Water 
Power Co. This talk was illustrated by lantern slides. 
The New Oak Grove of the Portland Railway, Light & Power 
Co., by D. W. Proebstel, Portland Railway, Lt. & Pr. Co. 
This was illustrated by lantern slides and motion pictures. 
April 25. Attendance 35. 
Springfield 
High-Voltage Phenomena, by G. Faccioli, General Electric Co. A 
banquet preceded the meeting. April21. Attendance 75. 
Toledo 


Application of Electrical Apparatus to the Stone Industry, by 
D. W. Yambert. April 25. Attendance 19. 


Toronto 

Present-Day Application of Radio Comm unication, by W. C. C. 
Dunean. he speaker reviewed the history of wireless 
~ommunication. April 11. Attendance 100. ; j 

Geology from a Motor Car, by Professor A. P. Coleman, University 
of Toronto. The speaker described a trip across the conti- 
nent ina motor car. The following officers were elected for 
the year 1924-25: Chairman, H. C. Don Carlos; Secretary, 
W. L. Amos; Executive Committee, O. V. Anderson, L. B. 
Chubbuck, M. B. Hastings, M. J. MeHenry, C. E. Sisson 
and A. R. Zimmer. April 24. Attendance 64. 


Worcester 
The Inductive Coordination Movement, by W. V. Lowell, National 
Electric Light Association, and D. H. Keyes, American 
Telephone & Telegraph Company. April 24. 
50. 


Attendance 


BRANCH MEETINGS 


University of Alabama 
Talk by Professor F. R. Maxwell, Jr., on the papers presented 


at the A. I. E. E. Convention in Birmingham. April 15. 
Attendance 8. 
University of Arkansas 
Possibilities of the Haney ted by Joel Blake. 
Electric Boilers, by T. E. Fisher. a 
Heat Treatment of Steel, by C. E. Bowman. May 7. At- 


tendance 10. 
Bucknell University 


Automatic Control of Electrical Substations, by W. H. Rodney, 
General Electric Co. The lecture was accompanied by 
slides and moving pictures. April 29. Attendance 76. 


California Institute of Technology 
Commercial Radio, by W. L. Holloday, student. April 9. 
Attendance 25. 


INSTITUTE AND RELATED ACTIVITIES 
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University of California 


~The Klydonograph and Its Application as_a Photographer of 


Power Line Surges, by A. W. Copley, Westinghouse Elec. 
& Mfg. Co. Mr. J. F. Peters, the inventor of the Klydono- 
graph, was present and added to the discussion in such a 
way as to make the exposition a most interesting one. 
April9. Attendance 55. 


Catholic University of America 


Electrical Porcelains, by Professor T. S. MeKavanaugh. The 
lecture was illustrated by slides. Refreshments were 
served. May 5. Attendance 28. 


University of Cincinnati 


“Dies” in the Electrical Shops, by Lester Bosch, student. 
3. Attendance 38. 

Grounded Transmission Systems, by C. T. Button, student. 
April 10. Attendance 36. 


Clemson Agricultural College 
Electricity, the Wonder Worker, by J. H. Sams. Slides ac- 
companied the lecture. April 21. Attendance 23. 
Colorado Agricultural College 
The New Atomic Theory and the Theory of Ether Waves, by 
Professor H. G. Jordan. April 14. Attendance 10. 
University of Colorado 


Super-Power, by Dean H. 8S. Evans. April 2. Attendance Ns 
Valmont Development of the Public Service Company, by H. H. 
Kerr, Public Service Company of Colorado. The lecture 
ee illustrated with lantern slides. April 18. Attendance 

D. 


April 


Denver University 

Effects of Certain Impurities in Storage-Battery Electrolytes, 
by R. A. Silver, student. 

The 65,000-Kv-a. Generator of The Niagara Falls Power Company, 
by T. R. Cuykendall, student. 

Experimental Analysis of Stability and Power Limitations, by 
C. C. Herskind, student. 

Nature of Language, by T. Hourichi. May 2. Attendance 15. 


State University of Iowa 

Porcelain Insulators, by A. N. Stanton. 

Installation of 66-Kv-a. Cable, by A. Williams. 

A Universal Meter for Measuring Power, by F. J. Zara. 
Attendance 45. 

Central Heating Plants, G. B. Nichols. Consulting Engineer. 
April 28. Attendance 50. 

Talk by Calvin W. Rice, Secretary, American Society of Me- 
chanical Engineers. May 5. Attendance 45. 


Lafayette College 

The Electron Tube and Its Various Uses in the Commercial 
World, by Professor King. April 4. Attendance 20. 

The Uses of the X-Ray Tube, by Professor King. The lecture was 
followed by a moving picture covering the same subject. 
April 26. Attendance 20. 

Automatic Sub-Stations, by Mr. Rowney, General Electric Co. 
The lecture was illustrated with slides and a moving picture. 
April30. Attendance 20. 

Marquette University 

The students visited the Meter-Testing Division of the Muil- 
waukee Electric Railway & Light Company. Mies dig 1D. 
Miller gave a talk in which he outlined the scope of this 
department. April 10. Attendance 28. 


Engineering School of Milwaukee 
Meter Testing, by J. E. Miller, Milwaukee Electric Railway and 
Lighting Co. The lecture was followed by a very instruet- 
ive trip through the meter-testing laboratories. 


Michigan Agricultural College 

The officers elected for the coming year are as follows: Chairman, 
C. M. Park; Secretary-Treasurer, O. Dausman; Executive 
Council, C. Brongersma, K. DeGraw and L. Dewey. 
March 19. Attendance 18. 

Super Power, by R. H. Boyle, student. 

The St. Lawrence Waterway, by F. R. Wightman, student. 

Dry-Cells and Storage-Battery Vacuum Tubes, by Mr. Osborn, 
Instructor. 

Loud Speakers, by F. Pacholke, student. 
demonstration of several designs of loud speakers. 
Attendance 27. 


University of Missouri 


The Young Engineer's Problem of Fitting Himself into Established 
Procedure, by Everett S. Lee, General Electric Co. April 
22. Attendance 26. 


April 14. 


Mr. Pacholke gave a 
April 22. 
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University of Nebraska 
The Life of Dr. Steinmetz, by Dean O. J. Ferguson. Officers 
elected for the coming year are as follows: Chairman, Dean 
O. J. Ferguson; Secretary, Professor O. E. Edison; Student 
Chairman, H. J. Edgerton, Student Vice-Chairman, R. R. 
Schindler; Student Secretary, A. O. Andrews; Student 
Treasurer, Harry Moyer. May 1. Attendance 30. 


University of North Carolina 


The Mercury-Vapor Boiler and Turbine as Developed by W. fh. 
Emmet of the General Electric Company, by Professor 
Hoeffer. The speaker explained its many good points, at 
the same time pointing out several features which may 
prevent its use ever becoming as common as the steam 
type. May 8. Atetndance 25. 


Ohio Northern University 
Tapping High-Voltage Lines for Low-Voltage Local Service, by 
Mr. Buchwalter. 
Fundamental Principles of Radio Communication, by Mr. Upp. 
April 24. Attendance 22. 


University of Pittsburgh 


Mr. F. Wills gave a Report of the meeting of the Pittsburgh 
Section, deseribing the development, construction, opera- 
tion and application of the Klydonograph. 

Current Events in the Electrical Field, by W. R. Coleman. 

Present Trend of Electrical Safety in Coal Mines, by A. C. 
Stambaugh. Aprilll. Attendance 25. 

Cadet Course with the West Penn Power Company, by L. J. 
Crandall. The speaker described the nature of the work 
and the division of time in each of the various departments 
during the training period for the technical graduate. 
April 25. Attendance 25. 

G. E. Alternating-Current Equipment, by G. H. Campbell. The 
lecture was illustrated with slides showing the manufacture 
and construction of the electrical apparatus in the shop. 
May 9. Attendance 20. 


Rhode Island State College 

Electric Welding and the Heat Treatment of Steel, by H. Raymond 
Little. April9. Attendance 20. 

Electrification of the Chicago, Milwaukee and St. Paul Railroad, 
by Matthew Chappell. A motion picture, entitled ‘“‘The 
King of the Rails,’ was also shown. April 24. Attendance 
19. 

Stanford University 

Mr. M. L. Wiedman was elected Chairman to succeed Mr. 
Bumbaugh, resigned. April8. Attendance 17. 

Business meeting. April 22. Attendance 12. 

Communication Engineering, by C. F. Elwell, Radio Engineer, 
London. April24. Attendance 30. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. H. E. — 


Talks on subjects of current interest in electrical engineering. 
May 6. Attendance 33. 


University of Tennessee 


A debate (in cooperation with the Engineering Society) was held 
on the question Resolved that the U. S. Government should 
lease Muscle Shoals to Henry Ford, rather than to the power 
companies. (Decided in the negative). February 29. 
Attendance 59. " 

Business Meeting. The following Program Committee was 
appointed: Mr. Fonde, Mr. Woods and Mr. Berry. 

Electric Control of Ships and Firing Devices, by J. L. Waller. 

The Sperry Gyro-Compass, by Stuart Fonde. ’ 

The Advantage to the Student of A. I. E. E. Membership, by 
Dr. C. A. Perkins. The following officers were elected: 
President, S. R. Woods; Vice-President, W. B. Sneed; 
Secretary-Treasurer, W. T. Elliott. 


University of Texas 


Inspection Trip to the Southwestern Bell Telephone Company 
Exchange. The visitors were shown through the exchange 
by Manager Ezelle and the functioning of the various 
apparatus was explained. March 6. Attendance 20. 

The Development of Electrical Engineering from the Beginning 
to the Present Day, by Professor J. A. Correll. The principal 
discoveries and the persons responsible for these discoveries 
in the development of Electrical Engineering were outlined 
by Professor Correll. The humorous as well as the practical 
side of the story was very entertainly presented. March 
20. Attendance 13. 

A motion picture, entitled ‘The Story of Steel,” was shown. 
Mr. Geo. C. Hengy, student, was elected Chairman to 
sueceed Mr. W. K. Sonnemann. Aprill0. Attendance 13. 


University of Utah 
Three-Phase Induction Railway Motors Run from Single-Phase 
Trolley Lines, by Jos. Lindsey. April 17. Attendance 13. 
Virginia Polytechnic Institute 
Motion picture, entitled ‘““‘The Manufacture of an Electric 
Meter,’ was shown. April 28. Attendance 145. 
Washington University 


Problems of the Young Engineer in Adapting Himself to Estab- 
lished Procedure, by E. S. Lee, General Electric Co. Re- 
freshments were served. April 16. Attendance 22. 


University of Washington 


Annual Banquet. Talks were given by Dean C. E. Magnusson 
and several of the alumni; stunts and music were furnished 
by members of the Branch, 
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Engineering Societies Employment Service 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers as a coop- 


erative bureau available only to their membership, and maintained by contributions from the societies and their individual 
members who are directly benefited. 


MEN AVAILABLE—Brief announcements will be published without charge and will not be repeated, except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau fora 
period of thrée months and are renewable upon request. Notices for this Department should be addressed to 
ieee SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th of 

ve month. 


OPPORTUNI TIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription rate of 83 per quarter, or $10 per annum, payable in advance. Posi- 
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

_ _ VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of $10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all 
amounts tm excess of $2000 per annum; temporary positions (of one month or less) three per cent of total salary received 
The income contributed by the members, together with the finances appropriated by the four societies named above, will. 
ut is hoped, be sufficient, not only to maintain, but to increase and extend the service. ‘ 

REPLIES TO ANNO UNCEMENTS.—Replies to announcements published herein or in the Bulletin should 

be addressed to the key number indicated in each case and with a two cent stamp attached for reforwarding, and forwarded 


to the Employment Service as above. Replies received by the bur P 1) } 
Gee ot eee p y the bureau after the positions to which they refer have been 


(For other employment announcements see page 55 of the Advertising section.) 
POSITIONS OPEN 


ELECTRICAL ENGINEER, with ten years’ 
experience in the design and manufacturing of 


of designing and supervising the manufacture of 
open slot induction motors in sizes up to 500 h. p. 
Excellent opportunity for advancement. 
details of experience and salary 
Location, Indiana. R-3931. : 


MEN AVAILABLE 
ELECTRICAL ENGINEER, technical grad- 
Give uate. Ten years’ experience in metering and 
expected. testing, now foreman of meter test, would like 


large power induction motors, 
position as superintendent or assistant suverin- 


Must be capable 
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tendent of meter department, or would act as 
general meterman to assist managers in a group of 
smail towns covered by one utility. Desires a 
location in New York State. Reasonable salary 
expected. B-7901. 

GRADUATE ELECTRICAL ENGINEER, 
four years’ practical experience in design and 
construction of power plants and substations, 
special knowledges in relay protection schemes, 
desires responsible position with public utility 
company or consulting engineer. 28, married. 


B-7893. 
TECHNICAL GRADUATE, employed. 
Desires estimating work spare time. Thoroughly 


experienced in electrical construction and con- 


tracting work. Age 26. Vicinity, New York 
City. B-7929. 
ELECTRICAL, MECHANICAL CON- 


STRUCTION ENGINEER, married. Twenty 
years’ responsible charge of design, construction, 
operation and maintenance of steam, hydraulic 
and electric power stations; automatic and 
manually operated transformer, Edison and rail- 
way substations. High tension transmission, 
net-work and distributing systems, their design 
and relay protection. Intensive industrial ex- 
perience in sugar mills, paper mills, coal and gold 
mining and marine engineering. Five years’ 
machine shop experience. Salary $7000. 
B-7944. 

ENGINEER, MANAGER OR DIVISION 
MANAGER of an electrical central station 
public utility in the Pacific Northwest. B-7932. 

ELECTRICAL-MECHANICAL ENGINEER, 
33, married, technical electrical graduate. 
Eleven years’ experience coal mining, railway and 
industrial work, available short notice. Capable 
and responsible to manage a business, a branch 
sales office, or an engineering and maintenance 
department. B-7563._ 

ELECTRICAL ENGINEER, technical 
graduate now doing distribution engineering for 
a public utility company, wants to work with 
company owning chain of plants. Am young 
and can learn your methods. Want to be 


_ associated with chief electrical engineer and grow 


up with your company. Looking for something 
permanent and with a future. Healthy, am- 
bitious and industrious. Can go anywhere on 
fair notice. Would like to hear from you. 
B-7948. 

GRADUATE ELECTRICAL ENGINEER, 
married, with five years’ teaching in electrical 
engineering and two years’ practical experience 
desires connection with electrical engineering 
department of a western college preferably. 
Have taught practically all of the major subjects 
in this course. Available after June. B-4922. 

ENGINEER, 32, E. E.,M.E. Three years 
graduate work. Desires work under successful 
executive. Six years plant design, construction, 
development, research. B-1738. 

YOUNG ENGINEER, married, desires con- 
nection with some company doing electrical 
installation of either power house, or commercial 
machinery. Experience covers a period of eight 
years. Capable of taking complete charge of 
such work. Location immaterial. B-7960. 

ELECTRICAL ENGINEER experienced in 
electric drive of machine tools, modern shop 
planning and practise, research, design and manu- 
facture of precision apparatus. B-7833. 

ELECTRICAL ENGINEER, age 30, eighteen 
months’ experience on test floor Westinghouse 
Company, three years chief electrician for 
industrial firm. Two years wiring and installation 
motors, generators, etc. Desires position of 
permanent nature with public utilities or industrial 
company. B-7940. 

ELECTRICAL ENGINEER, technical grad- 
uate, Mem. A. I. E. E., open for position. 
Sixteen years’ experience in power plant, sub- 
station, distribution lines, transmission lines and 
street railway operation, maintenance and 
construction work, including plans and layout. 
Capable of taking complete charge of work and 
getting results. B-7942. 


INSTITUTE AND RELATED ACTIVITIES 


ELECTRICAL ENGINEER, technical 
graduate, married. Twenty years’ experience in 
design, layouts, construction, maintenance and 
operation of hydro and steam power plants, sub- 
stations, transmission and distributing systems, 
street and interurban railways, electric utilities 
works. Several years manager and chief engineer. 
Desires position as manager, superintendent or 
executive electrical engineer. Minimum salary 
$3600. B-2388. 

INSTRUMENT ENGINEER, man with 
twenty-five years’ experience in design of electrical 
instruments (measuring and signaling) and 
electro-mechanical apparatus, desires change. 
Practical as well as technical man.  B-7979. 

ELECTRICAL ENGINEERING =§s graduate 
with four years’ experience in teaching electrical 
engineering in a high grade middle western 
university and one year’s experience in steam 
engineering in the U. S. N. Desires position in 
operating or distributing department of a flourish- 
ing electric utility. Location not of prime 
importance. B-7598. 

PUBLIC UTILITY MANAGER. Position 
wanted as manager of electric light property in 
town of 2500 to 5000, or as manager of electric 
light and water departments. Experienced in 
engineering and operation departments of large 
electric companies, with construction company on 
electric transmission lines and waterworks, one 
year owner and manager of small electric plant. 
University training, not a graduate. Age 26, 
married. Middle west preferred. B-7876. 

MAINTENANCE AND CONSTRUCTION 
ELECTRICIAN desires position. Fully ex- 
perienced on industrial power and _ lighting 
systems, also installation of X-ray, Tungar and 
Radiotron Equipment. Last position five years. 
Assoc. A. I. E. E. Good reasons for desiring 
change. Age28. B-7988. 

SWITCHBOARD SPECIALIST, TRANS- 
MISSION AND DISTRIBUTION ENGI- 
NEER. Technical graduate with B. S. and 
S. M. degrees, single, Associate in A. tig We Ae 
with over eight years’ experience in combined 
installation, testing, design, research and teaching 


electrical engineering. Professor of electrical 
engineering considered. B-7987. 
TECHNICAL GRADUATE MM, EH. I: 


Westinghouse graduate student course, ten years’ 
experience in the operation and maintenance of 
power houses and substations and two years with 
a manufacturing company. Desires to locate with 
a public utility company. Available on reason- 
able notice. B-3645. 

PROFESSOR OF ELECTRICAL ENGI- 
NEERING in a strong state university desires a 
change only to secure executive responsibility and 
increased income. Age 39, health excellent, 
married. Member of honorary societies. The 
best of collegiate and technical training. Valuable 
construction, consulting experience as well as 
several years in present position. B-7925. 

TECHNICAL COLLEGE GRADUATE in 
E. E. Age 27. Experience G. E. test and 
distribution work with large power and light 
company of eastern Massachusetts. Desires 
position in electrical engineering department of 
power and light company in distribution or station 
work. B-8007. 

PATENT ATTORNEY, mechanical and 
electrical engineer with designing and manu- 
facturing experience, desires additional work or 
connection with a manufacturing or engineering 
organization. B-6941. 

PUBLIC UTILITY EXECUTIVE, electrical 
and mechanical engineer, long and exceptionally 
broad experience, not only in construction and 
operation of electric and gas properties but 
organization, management, financing, and con- 
solidation; capable of taking entire charge of large 
utility or group of properties, excellent financing 
connections. B-8020. 

PROFESSOR OF ELECTRICAL ENGI- 
NEERING, age 39. B. S. and E. E. degrees 
from first class institutions. Manufacturing, 
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construction, teaching and research experience. 
Salary $3600. B-8012. 

EXECUTIVE ENGINEER, good organizer, 
desires position with growing commercial com- 
pany, experience has covered manufacturing, 
appraisal, maintenance and power plant operation, 
rehabilitation of old and inefficient plants, or- 
ganizing branch factories. Good initiative and 
ability, excellent references. Eight years with 
large automobile industry. Available on reason- 
able notice, at present located in Canada. B-8011. 

ELECTRICAL MECHANICAL ENGI- 
NEER, graduate of Turin’s Polytechnic Uni- 
versity (Italy), age 28, single. Initiative and 
inventive ability, with some patents in electrical 
apparatus, good draftsman, laboratory experience, 
desires position with reliable concern. Knowledge 
of French, Italian and enough English. Willing 
to start from manual work if necessary. Any- 
where, New York preferable. B-7208. 

YOUNG MAN, 24, graduated in May 1924 
from an evening course in electrical engineering. 
Five years’ experience in mechanical drafting, 
checking and inspecting. Would start from the 
bottom on anything electrical in New York City. 
Available in one week. B-7270. 

ELECTRICAL ENGINEER, 35, single, now 
employed. Experience on design, construction 
and sales engineering work on power stations, 
substations, transmission — lines, distribution, 
industrial drives, in this country and in Europe. 
Also interested in administration and business, 
soon finishing Alexander Hamilton Institute 
course. Knows four important foreign languages. 
B-7977. : 

TECHNICAL GRADUATE, 4 years’ ex- 
perience, substation layout, A-C. motor design, 
six months’ electrical testing, extensive traveling 
experience, speaking fluently five European 
languages. Desires sales experience along elec- 
trical lines (foreign sales preferred), or electric 
transmission line construction and operation 
experience. Efficient worker, excellent record. 
Available after July Ist. B-8043. 

RECENT GRADUATE, B. S. in E. E. 
No engineering experience but shop practise in 
several large operating and manufacturing 
companies (summer positions.) Available after 
June 2nd, 1924. New York City location 
preferred. B-8060. 

ELECTRICAL ENGINEERING GRAD- 
UATE, age 25, sixteen months on General Electric 
Test and one year of engineering and commercial 
work. Desires position with public utility. 
Only position having steady work and chance for 
advancement will be considered. B-8040. 

GRADUATE B. 8. in E. E. 1923, age 24, 
speaking English and Spanish, desires position 
with firm designing and constructing power 
plants and factory, mine and lighting systems. 
Experience obtained while attending college; 
meter calibration and testing, motor repairing, 
shop work. Good opportunity for a concern 
dealing with Latin American countries to use 
services of an ambitious young man familiar with 
American and Latin ways and who will do his best 
to prove efficient. B-8046. 

GRADUATE ELECTRICAL ENGINEER, 
single, age 26, desires position with some small 
concern manufacturing radio or electrical equip- 
ment. One year graduate work in electrical 
engineering, two years research and design of 
communication apparatus. Location immaterial. 
B-8042. 

MECHANICAL AND ELECTRICAL EN- 
GINEER, American, desires responsible 
position. Twenty years’ experience in con- 
struction, operation and maintenance of power 
plants and street railways. Working knowledge 
of Spanish, excellent references. Now employed, 
available short notice. B-6459. 

GRADUATE MECHANICAL-ELECTRICAL 
ENGINEER, twenty years’ experience. Desires 
connection with power or industrial company 
or with engineering firm. Six years’ installation 
work and later district engineer large electrical 
manufacturer. Wide experience industrial ap- 
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plications. Three years power department large 
paper manufacturer. Familiar operation and 
maintenance steam electric stations and boiler 
houses. B-6764. 

ELECTRICAL ENGINEER, age 24, grad- 
uate with B. S. (1922) and M. S. (1924). 
Member of Tau Beta Pi. Two years’ experience 
teaching in electrical engineering department of a 
college. Desires position as instructor in physics 
or electrical engineering department of a college. 
B-7986. 

GRADUATE MECHANICAL-ELECTRICAL 
ENGINEER, well grounded in fundamentals 
and theory and reinforced with broad practical 
experience covering development, design, 
manufacturing and construction of engineering 
properties and equipment. Also plans, specifi- 
cations, purchase, installation and operation of 
mechanical, electrical, hydraulic and refrigerating 
plants and equipment. Desires responsible 
position of consultative or advisory capacity with 
aggressive manufacturing power or engineering 
concern. B-2656. 

ELECTRICAL ENGINEER, technical 
graduate, married, 32. Ten years’ experience with 
system which has grown from 1200 to 30000 
K. W. Will locate anywhere in northern U.S. 
Prefer town less than 150,000. Now engaged. 
Location manager or superintendent, electrical 
engineer, distribution engineer, street lighting. 
Minimum salary $3600. B-8058. 

ELECTRICAL ENGINEERING GRAD- 
UATH, 25. Have had experience in appraisal of 
public utility electrical equipment after having had 
a year’s experience in construction, both genera- 
ting and substation. Also knowledge of public 
utility accounting. Location New York City or 
vicinity. Available within a week. B-4997. 

ELECTRICAL ENGINEERING GRAD- 
UATE, 30, with five years’ teaching experience 
and two years’ general engineering work desires 
position wth construction or operating department 
of electric utility company, or assistant professor- 
ship in electrical engineering department of a 
college or university. B-8064. 

ELECTRICAL GRADUATE, age 25, three 
years’ experience, desires permanent connection 
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ASSOCIATES ELECTED MAY 16, 1924 


*ADAMS, JOHN ALBAN, Student Engineer, 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; res., Wilkinsburg, Pa. 

ALLEN V., CARLOS, Chief Electrician, Mexican 
Corporation, 8S. A., Fresnillo, Zac., Mex. 
AUXER, FRED P., President, The National 
Telephone Supply Co., 5100 Superior Ave., 

Cleveland, Ohio. 

BARRERE, MAURICE, Engineer, M. M. 
Schneider & Co., 42 Rue d’ Anzon, Paris, 
France. 

BEAULIEU, LEO E., Student Engineer, 
General Electric Co., Lynn; res., Holyoke, 
Mass. 

BECKWITH, GEORGE §&., Asst. Engineer, 
New York Telephone Co., 104 Broad St., 
New York; res., Brooklyn, N. Y. 

BERRY, JOHN BROADUS, Supervisor, Trans- 
mission Maintenance, Cumberland Tel. & 
Tel. Co., Nashville, Tenn. 

BEUTLER, ERNEST CHARLES, Meter Tester, 
New York Edison Co., New York, N. Y.: 
res., Bogota, N. J. 

BONN, FREDRICK GOTTLIEB, Electrical 
Engineer, Hammond Cedar Co., Ltd., Port 
Hammond; res., Hammond, B. C. 

BREDAHL, AXEL CARL, Draftsman, C. M. S., 
Inc., 38 White St., Tarrytown; res., Yonkers, 
ING Ye 


INSTITUTE AND RELATED ACTIVITIES 


with a public utility or contracting company in 
electrical construction, maintenance or operating 
departments, leading to an executive position. 
Location, Eastern states. B-8056. 

MECHANICAL-ELECTRICAL ENGI- 
NEER, 32. Fifteen years power house and 
substation construction, transformation and 
repairs. Six years service engineer in fleld; 
rebuilding and rewinding of larger size turbo 
generators, rotary commutators, transformers, 
ete. One year railway subway experience with 
3000 D. ©. on Chicago and Milwaukee electrifi- 
cation in Montana. Responsible charge, oppor- 
tunity for advancement desired. B-8055. 

ELECTRICAL ENGINEER, B. S.inE. E., 
three years’ experience in construction of H. T. 
outdoor substations and power plant, one year 
G. E. Test and some drafting, desires position in 
design or construction. B-4970. 

YOUNG MAN, 26, single, seeks connection 
with organization offering promise of a career. 
Has E. E. degree and post graduate work in 
physics. Has experience in teaching, research 
and manufacturing. At present employed in 
“manufacturing concern but change is desired. 
Available on short notice. Will locate anywhere. 
B-3411. 

GRADUATE ELECTRICAL ENGINEER 
with broad education, knowledge of foreign 
languages. Ten years’ experience. Testfloor, 
commercial experience in central station equip- 
ment, design of switchboards and relay appli- 
cations. Desires permanent connection with 
growing concern with opportunity for advance- 
ment. B-8068. 

RECENT GRADUATE 
versity, B. S. inf—. E. Student member A. I. 
E. E. Has no practical experience, desires 
position with opportunity to advance. Location 
in New England or New York preferred. B-8066. 

EXECUTIVE ENGINEER of high standing 
and having particularly wide experience both in 
America and Europe. Activities have included 
several years’ practise as consulting engineer in the 
design and operation of hydro-electric plants and 
high tension transmission systems and six years as 
chief engineer of a prominent electrical utility, 


of Norwich Uni- 


BRENT, DERELL J., Assistant, Engg. Dept., 
West Penn Power ©Co., 14 Wood St., Pitts- 
burgh, Pa. 

BUYS, IVAN, Superintendent of Transmission, 
Kansas Gas & Electric Co., Wichita, Kans. 

CADY, JOHN JOSEPH, Electrician, 65 W. 3rd 
St., South Boston, Mass. 

*CAMPBELL, COLIN C., Pacific Gas & Electric 
Co., 445 Sutter St., San Francisco; for mail, 
Berkeley, Calif. 

CARR, JOHN LILBURN, Commercial Dept., 
General Electric Co., Commercial National 
Bank Bldg., Washington, D. C. 

CARROLL, HUGH A., Student 
General Electric Co., Lynn; 
Lynn, Mass. 

CHAPMAN, HARRY EDISON, Field Engi- 
neer, Southern New England Telephone Co., 
185 Pearl St., Hartford; res., Burnside, Conn. 

CHRISTMAN, CHARLES W., 


Engineer, 
res., West 


Inspector, 


Brooklyn Edison Co., 561 Grand Ave., 
Brooklyn; res., New York, N. Y. 
*COCHRAN, “ROBERT DICKSON, Local 


Manager, Iowa Light, Heat & Power Co.. 
Orange City; res., Alton, Lowa. 
*COOK, THOMAS JAMES, Technical Employee, 


American Tel. & Tel. Co., Hurt Bldg., 
Atlanta; Ga. 


Journal A. I. E. E. 


operating principally at 110 kv. Available on 


reasonably short notice. B-8069. 

ELECTRICAL ENGINEER, technical 
graduate. Seventeen years’ experience in elec- 
trical control manufacture and_ sales, in- 


dustrial operation, engineering and research. 
Desires to locate with an electrical manufacturer, 
either in production or sales engineering, or with a 
consulting engineer or firm of established repu- 
tation. Only a permanent proposition con- 
sidered. Location preferred, Philadelphia or 
New England. B-6694. 


INSTRUCTOR 1924, Electrical 


graduate 


Engineer with radio and telephone experience. 


B-8062. 

ENGINEER, E. E., M. E. Graduate work 
Ch. E. Served apprenticeship foundry, machine 
shop and assembly; test design, cost, depart- 
ments manufacturer electrical, also refrigerating, 
equipment. Year development work. Five 
years responsible charge plant design, con- 
struction, maintenance, paint and chemical 
plants. Desires non-chemical work under success- 
ful executive in progressive concern, or firm con- 
sulting engineers. B-1738. 

ENGINEER, 30, eight years out. Purchas- 
ing, specification, development, appraisal, tests, 
with industrial and public utility companies, 
desired connection would be with public utility 
management concern along substation and 
central power lines. B-6944. 

ELECTRICAL ENGINEERING GRAD- 
UATE, 35, married. Eight years’ practical 
experience and two years teaching since grad- 
uation. Want public utilities or work in elec- 
trical department of jobber of electrical power 
machinery. Employed now. Must give thirty 
days’ notice. Prefer west or middle west. Perfect 
health, best references. Associate A. I. E. E. 
B-8099. 

ELECTRICAL ENGINEER-EXECUTIVE, 
experience covers large construction and manage- 
ment work in public utility and factory manage- 
ment. Successful in economical administration, 
eliminating useless overhead and manufacturing 
waste, and obtaining profitable results. Can take 
full charge of large operation. B-7919. 
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MEMBERSHIP — Applications, Elections, Transfers, Ete. 
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CRANE, ARTHUR SEYMOUR, Power Repre- 
sentative, Public Service Electric Co., 80 
Park Pl., Newark, N. J.; res., New York, 
ING EYS 

*DANNER, EARL YOUNG, 
versity of Washington, 
N.E., Seattle, Wash. 

DECKER, CHARLES R., Engineer, Hudson 
Coal Co., 434 Wyoming Ave., Scranton, Pa. 

DENROCHE, WILFRED EARL, Manager, 
Wagner Electric Co. of Canada, Ltd., 215 
Dundas St., E., Toronto, Ont., Can. 

DUSINBERRE, HENRY WARNER, Ensign, 
U. S. Navy, Asst. Radio Officer, U. 9S. S. 
Arkansas, New York, N. Y. 

ENGEL, THEODORE JOSEPH, Junior Elec- 
trical Engineer, Western Electric Co., Inc., 
463 West St., New York; res., Woodside, 
NYS 

EVANS, ALFRED JOHN, Electrical Draughts- 
man, New York Edison Co., 44 E. 23rd St., 
New York, N. Y. 

*EWING, ROSS, Salesman, Westinghouse Elec. 
& Mfg. Co., 1535-6th St., Detroit, Mich. 
FERRO, DANIEL .EDWARD, Electrician, 
Stevens & Wood, 120 Broadway, New York, 

N. Y.; res., Newark, N. J. 

BFINNICUM, JOHN LYLE, Power Apparatus 
Specialist, Western Electric Co., Inc., Water 
& West Sts., Pittsburgh, Pa. 


Student, Uni- 
6321-10th Ave., 


———— 


June 1924 


FLETCHER, ELMER LEE, Asst. Engineer, 
New York Telephone Co., 104 Broad St. 
New York, N. Y. ‘ 

FOWLER, WARREN HENRY, P. B. X. Dept. 
Illinois Bell Telephone Co., Chicago, Ill. 

*FRY, LLOYD CHARLES, Student Engineer, 
River Works, General Electric Co., Lynn 
Mass. y 

GERGE, NILS EINAR GEORGIE, Royal 
Swedish Legation, Calle de Liverpool No. 5, 
Mexico, D. F., Mex. 

GERKEN, JOHN H., Superintendent of Electric 
Construction, Robert E. Denike, Inc., 155 
E. 33rd St., New York, N. Y. 

GRADY, EDWARD A., Division Plant Engineer, 
Ohio Bell Telephone Co., 104 N. Third St., 
Columbus, Ohio. 

*GRAY, ROBERT, Cable Tester, Bell Telephone 
Co. of Canada, 33 Temperance St., Toronto, 
Ont., Can. 

GREIF, JOHN HENRY, Asst. Chief Inspector, 
Manhattan Electric Supply Co., 45 Morris 
St., Jersey City; res., Guttenburg, N. J. 

GRIFFING, RALPH A., President & Manager, 
Harlem Valley Electric Corp., Pawling, 
N. Y.. res., Danbury, Conn. 

GROSS, CARL GEORGE, Engineer, Eastern 
Laboratory, Inc., 229 E. 38th St., New York, 
Nie. 

HALSEY, FORDYCE COOK, Dynamo Tender 
& Shift Engineer, Radio Corp. of America, 
Port Jefferson, N. Y. 

HARRIS, LEONARD F., Telephone Engineer, 
New York Telephone Co., 104 Broad St., 
New York; res., Brooklyn, N. Y. 

*HATFIELD, HOMER F., Test Engineer, 
Harwood Plant, Pennsylvania Power & 
Light Co., Harwood Mines, Pa. 

HEGAZY, HAMED MAHMOND, Egyptian 
Public Works Ministry, 54 Coniston Road, 
Muswell Hill N: 10, London, Eng. 

HEINRICH, HERBERT WILLIAM, Engineer, 
Travelers Insurance Co., 700 Main St., 
Hartford, Conn. 

HENRY, RAYMOND T., Asst. Electrical Engi- 
neer, The Niagara Falls Power Co., Niagara 
Falls. N. Y 

HERR, EDWIN DEAN, Foreman, Pennsylvania 
Railroad Co., Sunnyside Engine House, 
Long Island City, N. Y.; res., Newark, N. J. 

HERRLEY, BENJAMIN G., Instructor in 
Electric Wiring, The College of the City of 
New York, 23rd St. & Lexington Ave., New 
York; res., Brooklyn, N. Y. 

HICKSON, JULIAN I., Layout Work, H. J. C. 
Pearson, 101 Marietta Bldg., Atlanta, Ga. 

HOKANSON, CARL LUDWIG, Designer, 
Dwight P. Robinson & Co., Inc., 125 E. 
46th St., New York, N. Y. 

HOPPER, ELLSWORTH STEVEN, Chief 
Operator, Braden Copper Co., Rancagua, 
Chile, So. Amer. 

HULLEY, LEVI WOODBURY, Asst. Engineer, 
New York Telephone Co., 15 Dey St., New 

_ York; res., New Brighton, N. Y 

JAMES, LUTHER H., Asst. Electrical Engineer, 
Hudson Coal Co., 434 Wyoming Ave., 
Scranton, Pa. 

JENSEN, BOERGE OTTO HENRIK, Electrical 


Tester, Westinghouse Elec. & Mfg. Co., 
Newark; res., Arlington, N. J. 
JONES, ARTHUR E., President, Irvington 


Varnish & Insulator Co., Irvington, ING ais 
KIPP, KARL, 147 E. 150th St., New York, N. Y. 
KRAMER, ALEXANDER E., Electrical Drafts- 

man, Thomas E. Murray, Inc., 55 Duane St., 

New York; res., Brooklyn, N. Y. 

LEAVITT, LOUIS SELWIN, Electrical Engi- 
neer, The Lowell Electric Light Corp., 
Lowell, Mass. f 

*LOTHROP, ESMOND FREEMAN, Turbine 
Tester, General Electric Co., Lynn; res., 
Saugus, Mass. 

MacWHINNIE, DONALD T., Student, Ma- 
chine & Switching School, New York Tele- 
phone Co., New York; res., Jamaica, N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


MANHARTSBERGER, NORBERT, 23 Halsey 
St., Brooklyn, N. Y. 

MARTIN, FITZHUGH LEE, Switchboard 
Operator, Cheswick; res., Oakmont, Pa. 

MASON, HARRY H., Electrician, Atlantic City 
Electric Co., Atlantic City, N. J. 

MATTHEWSON, FRANK, Test Engineer, 
Southland Hydro-Electric Power Board, 
Invercargill, New Zealand. 

*MAXWELL, GEORGE WILLIAM, Radio 
Expert & Tester, American Radio & Research 
Corp., Medford Hillside; res., Melrose, Mass. 

MAYER, VERNON WILLIAM, Draftsman, 
General Electric Co., 1900 Washington Blvd., 
Baltimore, Md. 

McAVOY, WILLIAM HENRY, Electrical 
Draftsman, Dwight P. Robinson & Co., 125 
E. 46th St., New York, N. Y. 

*MEARS, CLARKE BRAIDWOOD, Electrical 
Construction Dept.,Philadelphia Electric Co., 
25th & Christian Sts., Philadelphia, Pa.; res., 
Collingswood, N. J. 

*METZGER, HERMAN ARTHUR, Engineer, 
Andian National Corp., Ltd., Apartado 130, 
Cartagena, Colombia, So. Amer. 

MEYER, CARL A., Switchboard & Control 
Design, Sargent & Lundy, 72 W. Adams St., 
Chicago, Il. 

*MILLEA, LEO, Electric Transportation 
Trucks Maintenance, Worcester, Mass. 
MOTT, FRANK S., Sales Engineer, Goodman 

Mfg. Co., 4834 S. Halsted St., Chicago, Ill. 

NELSON, ARTHUR EMIL, Asst. Engineer, 
New York Telephone Co., 104 Broad St., 
New York; res., White Plains, N. Y. 

NOLAN, CLARENCE ELMEEBR, Service Engi- 
neer, The Bristol Co., Waterbury; for mail, 
Naugatuck, Conn. 

NORDLIEN, BERGER W., Tester, Westing- 
house Elec. & Mfg. Co., East Pittsburgh; for 
mail, Wilkinsburg, Pa. 

*NORDLIN, HENRY WILLIAM, 
Western Electric Co., Inc., 
Mass. 

OWENS, LEONIDAS HOWARD, 
23rd St., Philadelphia, Pa. 

PEARSON, DONALD MABRY, Engineer, 
Pacific Tel. & Tel. Co., 835 Howard St., 
San Francisco, Calif. 

PIERSON, WILLIAM HENRY, Asst. Engineer, 
New York Telephone Co., 104 Broad St., 
New York, N. Y. 

PLAISTED, GUY EDGAR, Electrical Design 
Engineer, D. C. Motor Engg. Dept., General 
Electric Co., Schenectady, N. Y. 

*xPOKORNY, JEROME JOHN, Switchboard 
Dept., Westinghouse Elec. & Mfg. Co., 2209 
Ashland Rd., Cleveland, Ohio. 

POWERS, RALPH ALDEN, Electrical Engineer, 
Meter & Instrument Engg. Dept., General 
Electric Co., West Lynn; res., East Lynn, 
Mass. 

PYE, HAROLD CHARLES, Research Engineer, 
Automatic Electric Co., 1023 W. Van Buren 
St., Chicago; res., Oak Park, Tl. 

RADCLIFFE, THOMAS JULIAN, Research 
Assistant, Edison Lamp Works of General 
Electric Co., Harrison; res., Belleville, N. J. 

RALL, ALBERT A., Manager, Service Dept., 
Kansas City Power & Light Co., 1330 Grand 
Ave., Kansas City; res., Independence, Mo. 

RAYNOR, HARRISON STRONG, Asst. Engi- 
neer, New York Telephone Co., 104 Broad 
St., New York, N. Y. 

*REARDEN, JAMES ROBERT, Supervisor of 
Transmission Maintenance, Southern Bell 
Tel. & Tel. Co., Jacksonville, Fla. 

REICHEL, WLADIMIR ALEXANDROVITCH, 
Electrical Designer, Public Service Produc- 
tion Corp. of New Jersey, Newark, N. J. 

ROBINSON, CARL E., Chief Electrician, 
Standard Steel Works Co., Burnham; res., 
Lewiston, Pa. 

ROSKELLEY, CHARLES O., Engineer, First 
National Bank, Brigham, Utah. 

*SANDS, JOHN W., Research Assistant, Inter- 
national Nickel Co., Bayonne, N. J. 


Inspector, 
Winchendon, 


3542 N. 
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SANTUARI, EMILIO, Electrical Engineer, 
Societa Generale Elettrica Tridentina, via 
Stazione 7, Bolzano, Alto Adige, Italy. 

SCHNAPP, MICHAEL HERBERT, Sales Engi- 
neer, General Electrit Co., 809 Rialto Bldg., 
San Francisco, Calif. 

*SCHRODER, JOHN HENRY, Engineering 
Assistant, Public Service Production Co., 
80 Park Pl., Newark, N. J. 

SCHUBERT, HYMEN, Foreman, Philadelphia 
Electric Co., Somerset & Trenton Aves., 
Philadelphia, Pa. 

SCHUHMANN, WILLIAM JOHN, Sales Engi- 
neer, Roller-Smith ©Co., 2136 Woolworth 
Bldg., New York, N. Y. 

*SCOTT, HORACE S., Asst. District Manager, 
Kentucky & West Virginia Power Co., 
Sprigg, W. Va. 

SEN, RANJIT CHANDRA, Student Engineer, 
General Electric Co., West Lynn, Mass. 
SINGER, JOHN IRVINE, Chief Operator, 
Ohio Public Service Co., 526 E. Main St., 

Alliance, Ohio. 

SMALLEY, OSCAR DUANE, Instructor, Elec- 
trical Engineering Dept., Iowa State College, 
Ames, Iowa. 

*SMITH, ALFRED M., Substation Operator, 
Kansas City Power & Light Co., 1330 Grand 
Ave., Kansas City, Mo. 

SMITH, JOHN BRUCE, Representative in 
Mexico, W.T. Henley’s Telegraph Works Co., 
Ltd., 5 de Mayo No. 1 B, Mexico City, Mex. 

SNOWDEN, JOHN WILLIAM, Jr., Asst. Engi- 
neer, New York Telephone Co., 104 Broad 
St., New York; res., Peekskill, N. Y. 

*SOMERS, FREDERICK WILLIAM, Electrical 
Engineer, Cline Electrical Mfg. Co., Fisher 
Bldg., Chicago, Il. 

SORENSEN, ANDREW C., Electrical Engineer, 
New York Telephone Co., 104 Broad St., 
New York; res., Brooklyn, N. Y. 

STEGEMAN, G. A., Jn., System Operator, 
Metropolitan Edison Co., Reading, Pa. 

STEINBACH, HERMAN L., Engineer, West- 
inghouse Elec. & Mfg. Co., 1255 W. 4th St., 
Cleveland, Ohio. 

SUTHERLAND, ROBERT ALEXANDER, 
Junior Engineer, Elec. Pr. & It. Dept., 
Dunedin City Corp., 21 Sheen St., Dunedin, 
New Zealand. 

SYCHRA, SVATOPLUK, Engineer, Engg. Dept., 
Ceskomoravska-Kolben Co., Prague-Vyso- 
cany, Czechoslovakia. 

TATES, HARRY W., Union Electric Construc- 
tion Co., 282 Madison St., New York, INGA 

THAYER, RUSSELL J., Test Engineer, Equip- 
ment Div., Willard Storage Battery Co., E. 
131st St., Cleveland; res., East Cleveland, 
Ohio. 

THIEDEMANN, THOMAS, Assistant, Electri- 
cal Dept., Havana Electric Railway, Light 
& Power Co., Monte No. 1, Havana, Cuba. 

*THOMAS, EARL E., Electrical Engineer, 
Industrial Engg. Dept., General Electric Co., 
Schenectady, N. Y. 

UHL, HARRY C., Industrial Engineering Dept., 
General Electric Co., Schenectady, N. Y. 


VAN AUKEN, RALPH STRAWWAY, Asst. 
Foreman Electrical Maintenance, General 
Electric Co., Ft. Wayne, Ind. 

VELANDER, STEN, Consulting Engineer, 
Power Company of South Sweden, Malmo, 
Sweden. 

WERNER, WILBUR STANLEY, Electrical 


Engineer, The Kelley-Koett Mfg. Co., 214 
W. 4th St., Covington, Ky. 

*WICHMAN, MARTIN FREDRICK, Inter- 
ference Engineer, Northwestern Bell Tele- 


phone Co., 420-3rd Ave., S., Minneapolis, 
Minn. 
WORLEY, JOSEPH, Instructor, Elec. Engg. 


Dept., Missouri School of Mines & Metal- 
lurgy, Rolla, Mo.; for mail, Noblesville, Ind. 
WURZBACH, H. E., Chief Blectrician, Magna 
Plant, Utah Copper Co., Magna, Utah. 
Total 120 
*Formerly Enrolled Students 
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ASSOCIATES REELECTED MAY 16, 
1924. 


CAMPBELL, EDGAR EVERETT, Engineer, 
Service Investigations, Commonwealth Edi- 
son Co., Edison Bldg.,- Chicago, Ill. 

FUNDAMANT, WALLACE, Warminskiego Str. 
9, Bydgoszcz, Poland 

GILMAN, EDWARD FRANCIS, Electrician, 
Wood Worsted Mill, Lawrence, Mass. 

MONTGOMERY, MARTIN, District Engineer , 
Canadian Westinghouse Co., Ltd., Van- 
couver, B. C., Can. 

REYNOLDS, HERBERT BYRON, Mechanical 
Research Engineer, Motive Power Dept., 
Interborough Rapid Transit Co., 600 W. 
59th St., New York, N. Y. 

SANDIG, GEORGE CURT, Laboratory Tester, 
Public Service Co. of Colorado, 2145 Blake 
St., Denver, Colo. 

WOODWARD, CHARLES V., Manager, West- 
inghouse Elec. & Mfg. Co., 121 E. Baltimore 
St., Baltimore, Md. 


MEMBERS ELECTED MAY 16, 1924. 


AVERY, MORTON BROWN, Asst. Chief 
Engineer, Rochester & Syracuse Railroad 
Co. and Empire State Railroad Corp., 
Newark, N. Y. 

EILER, ERNEST EARL, Capt. U. S. M. C., 
Force Signal Officer, Signal Battalion, 
Marine Barracks, Quantico, Va. 

MORRISSEY, JOHN P., President, John P. 
Morrissey, Inc., 17 E. 42nd St., New York, 
INGO Ys 

PHILLIPS, NATHANIEL DAVID B., Asst. to 
Canadian Manager, Ferguson-Pailin Co., 
Ltd., 321 King St.; E., Toronto, Ont., Can. 


TRANSFERRED TO GRADE OF FELLOW 
MAY 16, 1924. 


BUSH, VANNEVAR, Professor of Electric 
Power Transmission, Massachusetts Institute 
of Technology, Cambridge, Mass. 

TIMBIE, WILLIAM H., Professor of Electrical 
Engineering & Industrial Practise, Massa- 
chusetts Institute of Technology, Cam- 
bridge, Mass. 


TRANSFERRED TO GRADE OF MEMBER 
MAY 16, 1924. 


ALDER, GEORGE W., Consulting Engineer, 
Good Housekeeping Institute, New York, 
IN Y¥. 

BEAN, LESLIE P. R., Electrical 
Sydney, Australia. 

BETTIS, ALEXANDER E., Superintendent 
Engineering & Construction, Kansas City 
Power & Light Co., Kansas City, Mo. 

De CAM?Y, SAMUEL M., Local Engineer, 
General Electric Co., Kansas City, Mo. 
MEHARG, LAURENCE, Chief Engineer, Hazel- 

Atlas Glass Co., Wheeling, W. Va. 

OLSEN, EDWARD A., Superintendent of 
Operation, Alexandria Light & Power Co., 
Alexandria, Va. 

RETT, CARL E., Chief Engineer, Lambert 
Tire & Rubber Co., Barberton, Ohio. 

RICHARDS, KEENE, Industrial Engineer, 
Detroit, Mich. 

SCHAEFER, CLARENCE C., Traffic Engineer- 
Operation, Philadelphia Rapid Transit Co., 
Philadelphia, Pa. 


Engineer, 


RECOMMENDED FOR TRANSFER 


Tke Board of Examiners, at its meeting held 
May 12, 1924, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the Secretary. 


To Grade of Member 
GIBBS, CLARENCE D., Dwight P. Robinson & 
Co., New York. 
MACKLER, LOUIS, Leading Electrical Drafts- 
man, New York Edison Co., New York. 


INSTITUTE AND RELATED ACTIVITIES 


MAHAN, JAMES &., Electrical & Fire Pre- 
vention Inspector, Western Actuarial Bureau, 
Chicago, Ill. 

McELROY, GEORGE, Manager, Bridgeport 
Office, Westinghouse Electric & Mfg. Co., 
Bridgeport, Conn. 

MONTSINGER, VINCENT M., Consulting & 
Research Engineer, General Electric Co., 
Pittsfield, Mass. 

TAYLOR, CHARLES H., Chief Communi- 
cations Engineer, Radio Corporation of 
America, New York. 

THOMSON, GEORGE L. A.,_ Electrical 
Division Chief, Testing Laboratory, Public 
Service Electric Co., Irvington, N. J. 

WOOLSTON, LOUIS F. B., Engineer, General 
Electric Co., St. Louis, Mo. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before June 30, 1924. 
Adams, E. L., Kerite Insulated Wire & Cable 
Co., Chicago, Il. 

Anderson, W., General Electric Co., Pittsburgh, 
Pa. 

Asklund, A. E. I., Houston Lighting & Power Co., 
Houston, Texas. 

Baker, W. R., New York Telephone Co., New 


York, N.Y. . 
Barnes, H. F., New York Telephone Co., Newark, 
IND ois 


Barr, O., West Penn Power Co., Pittsburgh, Pa. 

Bergstrom, M. B., J. E. Sumpter Co., Minne- 
apolis, Minn. 

Boekenoogen, E. V., So. California Edison Co., 
Los Angeles, Calif. 

Bohmfeldt, R. R., Jr., Sperry Gyroscope Co., 
Brooklyn, N. Y. 

Bollenbacher, E. H., McClellen & Junkersfeld, 
St. Louis, Mo. 

Braisted, Le Roy, 
Mich. 

Brooks, A. F., The So. New England Telephone 
Co., New Haven, Conn. 

Brust, R. S., The So. New England Telephone 
Co., New Haven, Conn. 

Burton, J. A., Jr., American Tel. 

_ New York, N. Y. 

Bushnell, W. LeR., Westinghouse Elec. & Mfg. 
Co., New York, N. Y. 

Buzby, A. D., Wellman-Seaver-Morgan Co., 
New York, N. Y. 

Carroll, F. J., The Pacific Tel. & Tel. Co., Seattle, 
Wash. 

Carroll, J. S., Graduate 
University, Calif. 

Clary, H. L., Radio Engineer, 3030 Wells St., 
Milwaukee, Wis. 

Cleeland, W. J., New York Telephone Co., 
Newark, N. J. 

Conroy, E. W., Puget Sound Power & Light Co., 
Tacoma, Wash. 

Cooper, N. L., Electrician, Navy Yard, Washing- 


with C. E. Wise, Detroit, 


& Tel. Co., 


Student, Stanford 


ton, D.C. 
Cory, 8S. I., American Tel. & Tel. Co., New York, 
INGE 


Darling, G. F., Manufacturer's Representative, 
Electrical Lines, Minneapolis, Minn. 
(Applicant for re-election) 


Davidson, C. J., American Tel. & Tel. Co., 
New York, N. Y. 
del Corral, M., (Member), Vicente B. Villa & 


Co., New York, N. Y. 

Desaix, H. W., Watson-Flagg Engineering Co., 
Paterson, N. J. 

Dixon, J., Puget Sound Power 
Tacoma ,Wash. 

Donaghey, C. E., Duquesne Light Co., Pitts- 
burgh, Pa. 


& Light Co., 


. Journal A. I. E. E 


Drake, E. F., Puget Sound Power & Light Co., 
Tacoma, Wash. 

Drake, L. M., Scientific Research Lab., L. M. 
Drake, Daytona, Fla. 

Driscoll, W. B., Public Service Co., St. Paul, 

Ehrenfeld, R., (Member), Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

Erickson, J. R., General Electric Co., Erie, Pa. 

Fingerhart, J., New York Edison Co., New York, 


INDY 

Fiske, H. C., J. E. Sumpter Co., Minneapolis, 
Minn. 

Flader, F. M., Duquesne Light Co., Pittsburgh, 
Pa. 


Fleckenstein, ©. A., Public Service Electric Co., 
Irvington, N. J. 

Fong, W. B., Pacific Gas & Electric Co., San 
Francisco, Calif. 

Gaskill, E. M., Brooklyn Edison Co., Brooklyn, 
Tp 

Gaskins, R. W., Stone & Webster, Inc., Boston, 
Mass. 

Gibson, C. H., Maine Central Railroad, Fairfield, 
Maine. 

Goble, J. C., Public Service Production Co., 
Trenton, N.J. 

Gochicoa, E. R., General Electric Co., Erie, Pa. 

Goldsmith, E. L., (Member), Attorney-at-Law, 
Indianapolis, Ind. 

Gorton, R. E., Tech. Lab. Asst., Stevens Inst. of 
Tech., Hoboken, N. J. 

Graff, P. T., Okonite Co., Passaic, N. J. 

Gray, W. R., (Member), The Eppley Laboratory, 
Newport, R. I. 

Greene, F. M., Eisemann Magneto Corp., 
Brooklyn, N.Y. 

Halvorsen, E. H., The Winchester Radio Co., 
Boston, Mass. 

Hamilton, H. S., (Member), 
Tel. Co., New York, N.Y. 

Hamm, E. I., Western Electric Co., Inc., New 
York N.Y. 

Hemmander, K. A. D., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

Herrmann, A. M., New York Telephone Co., 
Brooklyn, N.Y. 

Hilliard, G. D., Public Service Co., Trenton, N. J. 

Hocker, M. J., Public Service Production Co., 
Newark, N. J. 

Hollowell, G. A., General Electric Co., 
nectady, N. Y. 

Horter, B. M., Cutler-Hammer Mfg. Co., Wilkes- 
Barre, Pa. 

Jacobs, O. B., American Tel. & Tel. Co., New 
York, N.Y. 

Jennings, R. S., Utah Power & Light Co., Salt 
Lake City, Utah 

Johnson, A. C., Postal Telegraph-Cable Co., 
New York, N. Y. 

Johnson, G. E., The New York Edison Co., 
New York, N. Y. 
Johnson, J. A., (Member), 
Bay City, Mich. 
Johnson, K. H., Western Electric Co., 

New York, N.Y. 
Jones, G. W., Public Service Electric Co., Trenton, 


American Tel. & 


Sche- 


Kuhlman Electric Co., 


ines 


Naw 

Keller, W. T., Stone & Webster, Inc., Boston, 
Mass. 

Kerr, T. B., Brooklyn Edison Co., Brooklyn, 
INGeYs 


Khasan, L. A., Elec. Draftsman, 2109 Harrison 
Ave., New York, N. Y. 

Koch, W. A. Jn, UU. .G. Ly GontractingmCor 
Philadelphia, Pa. 

Kvamme, I. F., Duquesne Light Co., Manchester, 


Pa. 

Lantz, C. R., Tacoma Dredging Co., Tacoma, 
Wash. 

Lawrence, O. U., Research Corp., Bound Brook, 
IN 


Lechler, W. L., Electric Storage Battery Co., 
Philadelphia, Pa. 

Leland, G. H., (Member), 
Co., Dayton, Ohio 


The Leland Electric 


June 1924 ; 


Leonard, S. G., (Member), 
Railway Co., Cleveland, Ohio 
Lindberg, W. A., Commonwealth Edison Co., 


The Cleveland 


Chicago, Ill. 

Lindner, Charles P.,. New York Telephone Co., 
Newark, N. J. . 
Lyons, N. D., (Member), New York Central 

Railroad, New York, N. Y. 
pea B., New York Telephone Co., Newark, 
aaa H. P., American Bridge Co., Ambridge, 
‘a. 


McBane, L. J., Case School of Applied Science, 
Cleveland, Ohio 

McGill, J. H., (Member), Narragansett Elec. 
Lighting Co., Providence, R. I. 

McLaren, G. S., Canadian Westinghouse Co., 
Hamilton, Ont., Can. 

Mead, E. F., Westinghouse Elec. & Mfg. Co., 
Baltimore, Md. 

Meany, R. A., New York Telephone Co., Brook- 
lyn) Ni ¥: 

Melhuish, L. E,, Western Electric Co., 
New Yerk, N. Y. 

Millard, J. B., Hartford Electric Light Co., 
Hartford, Conn. 

Miller, F. J., Public Service Production 
Trenton, N.J. 

Miller, M., Club Auto Renting Service, New York, 
IN Ye 

Milling, J. C., General Electric Co., Erie, Pa. 

Morrison, J., Public Service Production Co., 
Trenton, N. J. 

Neumann, A. C., Public Service Production Co., 
Trenton, N. J. 

Nicholls, S. W., West Penn Power Co., Pitts- 
burgh, Pa. 

Novak, J. J., Illinois Bell Telephone Co., Chicago, 
Ill. 

Oman, C., Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 

Orcutt, F.A.. N.Y. N.H. & H.R.R., Stamford, 


Inc., 


Co., 


Conn. 
Ott, W. N., Public Service Production Co., 
Newark, N.J. 


Oswald, C. M. Westinghouse Elec. & Mfg. Co.., 
Philadelphia, Pa. 

Paolini, M., N. Y. & Q. E. L. & P. Co., Flushing, 
BN ake 

Paul, P. J., Weston Dodson & Co., Inc., Shenan- 
doah, Pa. 

Pazin, J. C., Duquesne Light Co., Pittsburgh, Pa. 

Peterson, R. S., Commonwealth Edison Co., 
Chicago, Ill. 

Portis, R. J., Asst. Engr., City National Bank 
Blvd., Long Beach, Calif. 

Potts, W. F., (Member), Rumsey Electric Co., 
Philadelphia, Pa. 

Raab, J. H., Westchester Lighting Co., Mt. 
Vernon, N.Y. 

Raznik, E. E., American Tel. & Tel. Co., Morris- 


town, N.J. 

Reeves, G. S., University of Wyoming, Laramie, 
Wyo. 

Rigler, H. M., Portland Electric Power Co., 


Portland, Ore. 
Rippel, K. W., Bethlehem Steel Co., Sparrows 


Point, Md. 
Robinson, H. A., Duquesne Light Co., Pittsburgh, 
Pa. 


Runciman, A. 8., Shawinigan Water & Power Co., 
Montreal, Que., Can. 4 
Sanborn, A. P., (Member), Eastern Cuba Sugar 


Corp., Central Violeta, Prov. de’Camaguey, 
Cuba. : 

Satler, R. L., West Penn Power Co., Pittsburgh, 
Pa. 


Schiller, H. J., Brooklyn Edison Co., Inc., 
Brooklyn, N. Y. ; 
Schillin, C. A., New Orleans Public Service, Inc. 


New Orleans, La. as 
Shadgett, L. M., Alabama Power Co., Birming- 


ham, Ala. 


Shipp, R. L., (Member), Guanajuato Pr. & Elec. 
Co., Guanajuato, Mex. 

Shoffstall, H. F., American Tel. 
New York, N. Y. 

Simmons, G, H., Automatic Electric Co., Chicago, 
Ti. 

Slack, E. P., (Member), Underwriter’s Labora- 
tories, New York, N.Y. 


& Tel. Co., 


Slocum, 8. E., New York Telephone Co., New 


orci ve 

Smedley, A. B., Cooper Hewett Electric Co., 
Cincinnati, Ohio 

Strike, C. J., Consumers Electric Co., Webster, 
bs Ge BIB 

Sudlow, H., The Carolina Light & Power Co., 
Aiken, 8S. ©. (Applicant for re-election) 

Swan, R. H., New York Telephone Co., Newark, 
Neds 

Swindell, L. E., Electric Storage Battery Co., 
Chicago, Il. 

Taylor, W. O., Allis-Chalmers Mfg. Co., New 
York, N.Y. 

Thurston, W. C., Bell Tel. Co. of Pa., Phila- 
delphia, Pa. 

Todd, P. E., New England Tel. 
Boston, Mass. 

Van Damme, J. J. C., New York Edison .Co., 
New York, N. Y. 

Voight, J. P., Stone & Webster, Inc., Boston, 
Mass. 

Weaver, R. C., 
Lexington, Va. 

Webb, E. B., Indiana Bell Telephone Co., Indian- 
apolis, Ind. 

Weeden, E. H., General Electric Co., Schenectady, 


& Tel, Co., 


Virginia Military Institute, 


Nex 
Wilson, R. McC., General Electric Co., Bloom- 
field, N. J. 


Yerkes, F. C., Public Service Co. of Colorado, 
Denver, Colo. 
Total 136. 


Dastoor, M. A., Elec. Supervisor, Military Works, 
Bombay, India 

Mayo, J. E., Northern Peru Mining & Smelting 
Co., Trujillo, Peru 

Webster, I., Borough Council, Hamilton, N. Z. 

Yoshimura, T., Bureau of Elec. Pr., Ministry of 
Communications, Tokio, Japan. 

Total 4 


STUDENTS ENROLLED MAY 16, 


1924 

18893 Johnson, Welton V., Univ. of Minnesota 

18894 Angier, Milton S., University of Illinois 

18895 Nassimbene, Charles, University of Utah 

18896 Berger, Fred G., Jr., University of Denver 

18897 Weekes, Edwin A., University of New 
Brunswick 

18898 Klein, Samuel E., Pennsylvania State 
College 

18899 Gailing, Henry A., Drexel Institute 

18900 Kuppinger Harold E., Univ. of Illinois 

18901 Brightcliffe, Norman J., Drexel Institute 

18902 Smith, Victor G., University of Toronto 

18903 Burcham, Paul T., Engineering School of 
Milwaukee 

18904 Lere, John E., Engineering School of 
Milwaukee 

18905 Bender, Alfred W., Engineering School of 
Milwaukee 

18906 Sauer, Edwin A., Engineering School of 
Milwaukee 

18907 Letourneau, John W., Engineering School 
of Milwaukee 

18908 Prescott, John E., Univ. of Washington 

18909 Manning, Harold C., Univ. of Washington 

18910 Ehrenberg, Julius Q., Rensselaer Poly- 
technic Institute 

18911 Waltman, William H., Rose Polytechnic 
Institute 

18912 Becker, John G., Stanford University 

18913 Datta, R. S., University of Illinois 


INSTITUTE AND RELATED ACTIVITIES 


18914 
18915 
18916 
18917 
18918 
18919 
18920 
18921 
18922 
18923 
18924 


18925 
18926 


18927 
18928 
18929 
18930 
18931 
18932 
18933 
18934 
18935 


18936 
18937 
18938 


18939 
18940 


18941 
18942 
18943 
18944 
18945 


18946 
18947 
18948 


18949 
18950 


18951 


18952 


18953 
18954 
18955 
18956 
18957 
18958 


18959 
18960 
18961 
18962 
18963 
18964 
18965 
18966 
18967 
18968 
18969 
18970 
18971 
18972 
18973 
18974 
18975 
18976 
18977 
18978 
18979 
18980 
18981 
18982 
18983 
18984 
18985 


Total 


591 
Rattle, Clarence H., Univ. of Toronto 
Bowen, Robert M., Montana State College 


Morales, Justo R., Tri-State College 
Jacques, Henry F., Montana State College 
Greenberg, Elbert, Univ. of Cincinnati 
Drake, Frederick H., Harvard University 
Bruce, William R., Univ. of Colorado 
Franke, Leland K., Mass. Institute of Tech. 
Estes, Philip H., Harvard University 
Hauser, George L., Tri-State College 
Brown, Donald B., Rhode Island State 
College 
Bobb, Leo C., Tri-State College 
Hansen, Wesley R., Kansas State Agri- 
cultural College 

Parsons, Jack F., Mass. Institute of Tech. 
Patrick, Paul D., Tri-State College 
Taylor, William F., Tri-State College 
Wellman, Harvard University 

Baer, Herbert J., Pennsylvania State Coll. 
Shultz, Howard B., Univ. of Tennessee 
Fox, Claude E., University of Tennessee 


Watanabe, Shiezo, Harvard University 
Charnas, John O., Tri-State College 
Thompson, Albert C., Harvard University 


Calbick, Chester J., Wash. State College 

Hazen, Harold L., Mass. Institute of 
Technology 

Hazlett, Herbert M., Tri-State College 


Holmes, A. G., Jr., Clemson A. & M. 
College 
Chann, Thomas, Harvard University 


Underwood, Clarence J., Univ. of Deleware 
Sneed, Dan H., University of Tennessee 
McCandless, Carroll F., Tri-State College 


Gilbert, George R., Mass. Institute of 
Technology 

Warren, Lyman G., Univ. of Illinois 

Hirlinger, John F., Purdue University 


Gwinn, ©. D., Purdue University 


Franklin, Laurence W., Purdue University 

Cheatham, Cader W., Georgia School of 
Technology 

McDonough, Thomas J., Georgia School of 


Technology 
Cook, Veazey M., Georgia School of 
Technology 
Newton, Frank, Georgia School of Tech. 
Caple, Charles A., ‘Tri-State College 


Knobloch, Robert J., Univ. of Wisconsin 
Garrett, Richard L., Texas A. & M. Coll. 
Fell, William F., Drexel Institute 
McCauley, Raymond E., Univ. of Santa 
Clara 

Amelotti, Emil, Univ. of Illinois 
Mahoney, Walter D., Lewis 
Ellis, John R., Lewis Institute 
Bascom, George H., Harvard University 
LaFollette, Marion B., Univ. of Wash. 
Hansen, Ted A., Univ. of Washington 
Bower, Kendall M., Stanford University 
Butler, Edward W., Stanford University 


Institute 


Higgins, Clyde R., Stanford University 
Landweer, Andre E., Stanford University 
Litton, Charles V., Stanford University 
Marvin, Stanley, Stanford University 
Matson, Theodore M., Stanford Univ. 
Miller, Holmes C., Stanford University 


Pyzel, Ewald, Stanford University 


Rear, James ©C., Stanford University 
Reese, Lewis, Stanford University 


Rohner, Arnold J., Stanford University 
Rorden, Harold L., Stanford University 
Sah, Adam P. T., Stanford University 
Scofield, Philip F., Stanford University 
Seeger, Thomas F., Stanford University 
Smith, Howard C., Stanford University 
Walling, Curtis R., Stanford University 
Wight, Joe HE., Stanford University 
Hoard, Norman F., Harvard University 


Taylor, Jerome J., Mass. Institute of Tech , 
93. 
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Officers A. I. E. E. 1923-1924 


PRESIDENT 
(Term expires July 31, 1924) 
HARRIS J. RYAN 


JUNIOR PAST-PRESIDENTS 
(Term expires July 31, 1924) (Term expires July 31, 1925) 
WILLIAM McCLELLAN FRANK B. JEWETT 


VICE-PRESIDENTS 


(Terms expire July 31, 1924) (Terms expire July 31, 1925) 

W. I. SLICHTER (District No. 3) J. E. MACDONALD (District No. 8) 
R. F. SCHUCHARDT (District No. 5) HERBERT S. SANDS (District No. 6) 
H. T. PLU MB (District No. 9) S.E.M. HENDERSON (District No.10) 
G. FACCIOLI (District No. 1) H. E. BUSSEY (District No. 4) 

H. W. EALES (District No. 7) WILLIAM F. JAMES (District No. 2) 


MANAGERS 

(Terms expire July 31, 1925) 
R. B. WILLIAMSON 
A. G. PIERCE 
HARLAN A. PRATT 

(Terms expire July 31, 1927) 
WILLIAM M. McCONAHEY 
W. K. VANDERPOEL 
H. P. CHARLESWORTH 


(Terms expire July 31, 1924) 
HAROLD B. SMITH 
JAMES F. LINCOLN 
E, B. CRAFT 


(Terms expire July 31, 1926) 
H. M. HOBART 
ERNEST LUNN 
G. L. KNIGHT 


SECRETARY 
(Terms expire July 31, 1924) 
GEORGE A. HAMILTON F. L. HUTCHINSON 


HONORARY SECRETARY GENERAL COUNSEL 
RALPH W. POPE PARKER & AARON 
30 Broad Street, New York. 


TREASURER 


PAST-PRESIDENTS—1884-1923 


*SCHUYLER SKAATS WHEELER, 1905-6. 
*SAMUEL SHELDON, 1906-7. 
*Henry G. Stott, 1907-8. 
Louis A. FERGUSON, 1908-9. 
Lewis B. STILLWELL, 1909-10. 
DuGALpD C. Jackson, 1910-11. 
Gano Dunn, 1911-12. 

Ratpu D. MeErRsSHON, 1912-13. 
C. O. MaILtLoux, 1913-14. 
Pau M, LINcoLn, 1914-15. 
JOHN J. Carty, 1915-16. 

H. W. Buck, 1916-17. 

E. W. Rice, Jr., 1917-18. 
Comrort A. Apams, 1918-19. 
CALVERT TOWNLEY, 1919-20. 
A. W. BERRESFORD, 1920-21. 
WILLIAM MCCLELLAN, 1921-22. 
FRANK B. JEWETT, 1922-23. 


*NorVIN GREEN, 1884-5-6. 
*FRANKLIN L. Pope, 1886-7. 

*T, COMMERFORD MartTIN, 1887-8. 
Epwarp WESTON, 1888-9. 

E.inu THomson, 1889-90 
*WittiaM A. ANTHONY, 1890-91. 

* ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EpDWIN J. Houston, 1893-4-5. 
*Louis DuNcAN, 1895-6-7. 
*PRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 

Cart HERING, 1900-1. 

*CHARLES P. STEINMETZ, 1901-2. 
Cuar_Les F. Scort, 1902-3. 

Bion J. ARNOLD, 1903-4. 

Joun W. Lies, 1904-5. 


Deceased. 


LOCAL HONORARY SECRETARIES 
T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 
Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil, S. A. 
Charles le Maistre, 28 Victoria St., London, S. W., England. 
A. S. Garfield, 45 Bd. Beausejour, Paris 16 E, France. 
H. P. Gibbs, Tata Sons Ltd., Navsari Building, Fort Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 
Eiji Aoyagi, Kyoto Imperial University, Kyoto, Japan. 
Lawrence Birks, Public Works Department, Wellington, New Zealand 
Axe] F. Enstrom, 24a Grefturegatan, Stockholm, Sweden 
W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa 


A. I. E. E. Committees 


GENERAL STANDING COMMITTEES 
EXECUTIVE COMMITTEE 
Harris J. Ryan, Chairman, Stanford University, Calif. 
Frank B. Jewett, Vice-Chairman 
E. B. Craft, G. L. Knight, 
George A. Hamilton, 


William McClellan, 
W. I. Slichter. 


FINANCE COMMITTEE 


G. L. Knight, Chairman, 360 Pearl Street, Brooklyn, N. Y. 
W. I. Slichter, W. K. Vanderpoel. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. EB. E. 


MEETINGS AND PAPERS COMMITTEE 
L. W. W. Morrow, Chairman, Electrical World, 10th Ave. & 36th St., New York, 
N.. Ys 


E. E. F. Creighton, John Mills 

J. E. Macdonald, D. W. Roper. 
Chairman of Committee on Coordination of Institute Activities. 
Chairmen of Technical Committees. 

Chairmen of Sections. 


E. B. Meyer, 


PUBLICATION COMMITTEE 


Donald McNicol, Chairman, 132 Union Road, Roselle Park, N. J. 
F. L. Hutchinson, E. B. Meyer, L. W. W. Morrow, 
L. F. Morehouse. 


. 


COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES 


W. I. Slichter, Chairman, Columbia University, New York, N. Y. 
F. L. Hutchinson, G. L. Knight, L. W W. Morrow. 
Donald McNicol, 


BOARD OF EXAMINERS 


H. H. Norris, Chairman, 211 Lorraine Avenue, Upper Montclair, N. J. 
HK. H. Everit, G. L. Knight, J. H. Morecroft, 
F. M. Farmer, F. V. Magalhaes, N. L. Pollard. 
Erich Hausmann, Donald McNicol, 


SECTIONS COMMITTEE 


A. W. Berresford, Chairman, 303 Hotel Astor, Milwaukee, Wis. 
C. E. Magnusson, Vice-Chairman. 

H. H. Henline, Herbert S. Sands, 
Chairmen of all Sections. 


Harold B. Smith. 


COMMITTEE ON STUDENT BRANCHES 


C. E. Magnusson, Chairman, University of Washington, Seattle, Wash. 
F. S. Dellenbaugh, Jr., C. Francis Harding, Harold B. Smith. 
Charles F. Scott, . 


MEMBERSHIP COMMITTEE 


M. E. Skinner, Chairman, Duquesne Light Co., Pittsburgh, Pa. 

C. E. Baker, C. E. Fleager, H. T. Plumb. 

E. E. Dorting, S. E. M. Henderson, J. F. Warwick, 

John M. Drabelle, G. A. Kositzky, J. L. Woodress. 
H. A. Lynette 

Chairmen of local membership committees. 


HEADQUARTERS COMMITTEE 


E. B. Craft, Chairman, 463 West Street, New York, N. Y. 
F. L. Hutchinson, G. L. Knight. 


LAW COMMITTEE 


H. Hi: Barnes, Jz., Electric Co., 
New York, N. Y. 


G. E. Folk, 


Chairman, General 120 Broadway 
P. Junkersfeld, 


R. F. Schuchardt, 


Charles A. Terry. 


PUBLIC POLICY COMMITTEE 


H. W. Buck, Chairman, 49 Wall Street, New York, N. Y. 
A. W. Berresford, F. B. Jewett, William McClellan, 
Gano Dunn, John W. Lieb, Calvert Townley. 


COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT 


John W. Lieb, Chairman, 124 E. 15th Street, New York, N. Y. 
Comfort A. Adams, G. Faccioli, H. S. Wynkoop, 
A. H. Babcock, George F. Sever, C. E. Skinner. 


SAFETY CODES COMMITTEE 


H. B. Gear, Chairman, 72 West Adams St., Chicago, IIl. 

H. H. Cochrane, M. G. Lloyd, R. W. E. Moore, 
E. E. F. Creighton, Ernest Lunn, H. R. Sargent, 
W. B. Hartshorne, Wills Maclachlan H. S. Warren. 
L. C. Ilsley, Alexander Marks, 


STANDARDS COMMITTEE 
. Executive Committee 

H. S. Osborne, Chairman, A. T. & T. Co., 195 Broadway, New York, N. Y. 
H. E. Farrer, Secretary, 33 W. 39th St., New York, N. Y. 
W. A. Del Mar, A. M. MacCutcheon, F. L. Rhodes, 
H. M. Hobart, J. Franklin Meyer, L. T. Robinson, 
G. L. Knight, F. D. Newbury, Clayton H. Sharp 

Harold Pender, C, E. Skinner. 

Ex-Officio 

Chairmen of Working Committees of Standards Committee 
Chairmen of A. I. E. E. delegations on other standardizing bodies. 


{ 


— 


E. D. Adams, Chairman, H. H. Barnes, Jr., 


EDISON MEDAL COMMITTEE 
Appointed by the President for term of five years. 


(Term expires July 31, 1924) 
B. G. Lamme. 


(Term expires July 31, 1925) 
D. E. Drake, W. L. R. Emmet. 


(Term expires July 31, 1926) 
John H. Finney, C. S. Ruffner. 


(Term expires July 31, 1927) 
F. A. Scheffler, W.R. Whitney. 


(Term expires July 31, 1928) 
Robert A. Millikan, M. I. Pupin. 


Elected by the Board of Directors from its own membership for term of two years. 


H. M. Byllesby, 
B. A. Behrend, 
Gano Dunn, 


C. C. Chesney, 


(Term expires July 31, 1924) 
G. Faccioli, William McClellan. 


(Term expires July 31, 1925) 
Frank B. Jewett, W. K. Vanderpoel. 


Ex-Officto 


E. B. Craft 
H. M. Hobart, 


Harris J. Ryan, President, George A. Hamilton, Treasurer, 
F. L. Hutchinson, Secretary. 


SPECIAL COMMITTEES 


COLUMBIA UNIVERSITY SCHOLARSHIP 


Francis Blossom, Chairman, 52 William Street, New York, N. Y. 
F. B. Jewett, W. I. Slichter. 


AWARD OF INSTITUTE PRIZES 


L. W. W. Morrow, Chairman, Electrical World, 10th Ave. & 36th Street, New 
York, N. Y. 


F. G. Baum Donald McNicol 


TECHNICAL COMMITTEES 


EDUCATIONAL 
W. E. Wickenden, Chairman, Room 1607, 33 W. 39th Street, New York, N. Y. 


W. C. Bauer, P. M. Lincoln, Harold B. Smith, 
Edward Bennett, C. E. Magnusson, W. L. Upson, 

C. R. Dooley, G. H. Pfeif, John B. Whitehead, 
Charlés S. Howe, H. W. Price, William R. Work. 


Charles F. Scott, 


ELECTRICAL MACHINERY 
. M. Hobart, Chairman, General Electric Co., Schenectady, N. Y. 
B. L 


. Barns, W. J. Foster, H. P. Liversidge, 
B. A. Behrend, V. A. Fynn, A. S. McAllister, 
R, E. Brown, David Hall, F, D. Newbury, 
James Burke, H. U. Hart, R. F. Schuchardt, 
N. A. Carle, P. M. Lincoln, Philip Torchio, 
G.Faccioli, R. B. Williamson. 


ELECTROCHEMISTRY AND ELECTROMETALLURGY 
J. L. Yardley, Chairman, Westinghouse E. & M. Co., East Pittsburgh, Pa. 


Carl Hering, H. T. Plumb, G. W. Vinal, 
J. A. Johnson, J. A. Seede, C. D. Woodward. 
ELECTROPHYSICS 


F. W. Peek, Jr., Chairman, General Electric Co., Pittsfield, Mass. 


INSTITUTE AND RELATED ACTIVITIES 


INSTRUMENTS AND MEASUREMENTS 
Sawin, Chairman, Westinghouse E. & M. Co., East Pittsburgh, Pa. 


G. A. 

P. A. Borden, 
H. B. Brooks, 
G. L. Crosby, 
FOP? Cox, 


Mass. 
E. Gordon Fox, 
Eugene Friedlaender, 


E. D. Doyle, 

A. L. Ellis, 

H. Brightwell Johnson, 
Paul MacGahan, 


William M. McConahey, 


E. S. Jefferies, 
D. M. Petty, 
A. G. Pierce, 


F. V. Magalhaes, 
Irving B. Smith, 
H. S. Vassar, 
Roy Wilkins. 


IRON AND STEEL INDUSTRY 
F. B. Crosby, Chairman, Morgan Construction Co., 15 Belmont St., Worcester 


G. E, Stoltz, 
J. D. Wright. 


LIGHTING AND ILLUMINATION 
G. H. Stickney, Chairman, Edison Lamp Works, G. E. Co., Harrison, N. J. 


J. M. Bryant, 
W. Devereux, 
H. W. Eales, 
F. M. Feiker, 


F, F. Fowle, 

G. C. Hall, 

Cc. A. B. Halvorson, Jr. 
H. H. Higbie, 

A. S. McAllister, 


MARINE 


P. S. Millar, 
Charles F. Scott, 
B. E. Shackelford, 
W. M. Skiff. 


G. A. Pierce, Chairman, Wm. Cramp & Sons S. & E. B. Co., Philadelphia, Pa. 
L. C. Brooks, Secretary, Bethlehem Shipbuilding Corp., Quincy, Mass. 


R. A. Beekman, 
J. F. Clinton, 
Maxwell W. Day, 
E. G. Gallagher, 
C. S. Gillette, 


H. Franklin Harvey, Jr. 


W. F. Meschenmoser, 


William Hetherington, Jr. I. H. Osborne, 


H. L. Hibbard, 
William F. James, 
M. A. Libbey, 

C. S. McDowell, 


MINES 


H. M. Southgate, 
W. E. Thau, 
A. E. Waller. 


F. L. Stone, Chairman, General Electric Co., Schenectady, N. Y. 


R. T. Andrae, 
C. N. Beebe, 
M. C. Benedict, 
Graham Bright, 


H. W. Eales, 
L. C. Isley, 
G. M. Kennedy, 
R. L. Kingsland 
A. B. Kiser, 


POWER STATIONS 
Nicholas Stahl, Chairman, Narragansett Electric Lighting Co., Turks 


Building, Providence, R. I. 


H. A. Barre, 
J.T: Barron; 

E. T. Brandon, 
H. W. Eales, 

F, C. Hanker, 
John Harisberger, 


G. H. Bragg, 

P. H. Chase, 

L. B. Chubbuck, 

W. S. Edsall 
Clarence T. Evans, 
F. C. Hanker, 

S. E. M. Henderson, 


Edward Bennett, 
E. H. Colpitts, 


C. F. Hirshfeld, 
R. B. Howland, 
J. P. Jollyman, 
H. A. Kidder, 
W. H. Lawrence, 
H. P. Liversidge, 
D. C. McClure, 


D. C. McKeehan, 
W. F. Schwedes, 
W. A. Thomas, 
C. D. Woodward. 


I. E. Moultrop, 

C, P. Osborne, 

A. L. Penniman, Jr. 
F. A. Scheffler, 

R. F. Schuchardt, 
R. B. Williamson. 


PROTECTIVE DEVICES 
H. R. Woodrow, Chairman, 360 Pearl Street, Brooklyn, N. Y. 


E. A. Hester 
BL. Hunt, 

B. G. Jamieson, 
M. G. Lloyd, 
A. A. Meyer, 
W. H. Millan, 
J. M. Oliver, 
N. L. Pollard, 


F. E. Ricketts, 

D. W. Roper, 

C. H. Sanderson, 
E. R. Stauffacher, 
E, C. Stone, 

A. H. Sweetnam, 
John B. Taylor. 


RESEARCH COMMITTEE 
John B. Whitehead, Chairman, Johns Hopkins University, Baltimore, Md. 


Cal, dally 
L. A. Hawkins, 


L. F. Morehouse, 
Harold Pender, 


Head 


E. F. Burton, 

L. W. Chubb, 

we Gy Clark, 
William Fondiller, 


James, Chairman, 


ish) IDG 
P. H. Adams, 
H. E. Bussey, 


Charles Fortescue, 
Roy S. Glasgow, 
Robert A. Millikan, 
J. H. Morecroft, 


S. F. Davies, 
C. W. Drake, 
T. D. Montgomery, 


Chester W. Rice, 
F, B. Silsbee, 

Harold B. Smith, 
J. B. Whitehead. 


INDUSTRIAL AND DOMESTIC POWER 
Westinghouse E. & M. Co., East Pittsburgh, Pa. 


H. W. Rogers. 
George Smith 


E. E. F. Creighton, ; V. Karapetoff, G. W. Pierce, 

F. S. Dellenbaugh, Jr. A. E. Kennelly, Clayton H. Sharp, 

W. A. Del Mar, M. G. Lloyd, C. E. Skinner, 

W. P. Dobson, R. W. Sorensen. 
TELEGRAPHY AND TELEPHONY 

O. B. Blackwell, Chairman, A. T. & T. Co., 195 Broadway, New York, N. Y. 

F. L. Baer, D. H. Gage, Chester W. Rice, 

H. P. Charlesworth, P. J. Howe, J. K. Roosevelt, 

L. W. Chubb, F. H. Kroger, Edgar Russel, 

BE. H. Colpitts, N. M. Lash, H. A. Shepard, 

R. N. Conwell, Ray H. Manson, Ly jackhorp, 

C. E. Davies, G. W. McRae, F. A. Wolff, 

H. W. Drake, R. D. Parker, C. A. Wright. 

L. F. Fuller, F. A. Raymond, 
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TRACTION AND TRANSPORTATION 


N. W. Storer, Chairman, Westinghouse E. & M. Co., East Pittsburgh, Pa. 
George Gibbs, H. A. Johnson, W. S. Murray, 
Dugald C. Jackson, W. B. Potter. 


TRANSMISSION AND DISTRIBUTION 
F. G, Baum, Chairman, Hobart Building, San Francisco, Calif. 


R. W. Atkinson, L. M. Klauber, G. G. Post, 

M. O. Bolser, C. Hy Kraft; C. C. Robinson, 
Wallace S. Clark, W. S. Lee, D. W. Roper, 

W. H. Cole, W. M. McConahey, C. E. Schwenger, 
R. N. Conwell, E. B. Meyer, Carroll H. Shaw, 
W. A. Del Mar, G. J. Newton, Arthur Simon, 

L. L. Elden, F. W. Peek, Jr., W. K. Vanderpoel, 
F. M. Farmer, A. M. Perry, C. T. Wilkinson, 
J. P. Jollyman, R, J. C. Wood. 


A. I. E. E. Representatives 


ON AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
COUNCIL 


A. E. Kennelly, John B. Taylor. 


ON AMERICAN BUREAU OF WELDING 
H. M. Hobart. 


ON AMERICAN COMMITTEE ON ELECTROLYSIS 
B. J. Arnold, N. A. Carle, F. N. Waterman. 


ON AMERICAN ENGINEERING COUNCIL 


Comfort A. Adams, 
C. G. Adsit, 
H. W. Eales, 
*John H. Finney, 
F, L. Hutchinson, 
*D. C. Jackson, 
*Members of Administrative Board. 


*Frank B. Jewett, 
William McClellan, 

*L. F. Morehouse, 
E. W. Rice, Jr., 


Charles F. Scott, 
*C, E. Skinner, 

L. B. Stillwell, 
Calvert Townley. 
R. B. Williamson, 


ON AMERICAN ENGINEERING STANDARDS COMMITTEE 


H. M. Hobart, H. S. Osborne, C. E. Skinner. 
L. T. Robinson (Alternate) 


ON APPARATUS MAKERS AND USERS COMMITTEE 
C. E. Skinner. 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 
H. H. Barnes, Jr. Bancroft Gherardi, H. A. Lardner. 


ON,CHARLES A, COFFIN FELLOWSHIP AND RESEARCH FUND 
COMMITTEE 
Harris J. Ryan 


ON ENGINEERING FOUNDATION BOARD 
Frank B. Jewett, L. B. Stillwell. 


Journal A. I. E. E. 


ON JOHN FRITZ MEDAL BOARD OF AWARD 


A. W. Berresford, 


William McClellan. 
Frank B. Jewett. 


Harris J. Ryan, 


ON JOINT CONFERENCE COMMITTEE OF FOUNDER SOCIETIES 


The Presidents and Secretaries, ex-Officio. 


ON LIBRARY BOARD OF UNITED ENGINEERING SOCIETY 


Edward D. Adams, 
E. B. Craft, ... 


F. L. Hutchinson, 
Alfred W. Kiddle, 


W. I. Slichter. 


ON NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL 


COMMITTEE 


The Chairman of the Institute’s Committee on Safety Codes 


ON NATIONAL FIRE WASTE COUNCIL 


John H. Finney 


H. B. Gear 


ON NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 


C. A. Adams, 


ON SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 


Bancroft Gherardi, 


A. E. Kennelly. 


F. L. Hutchinson, ex-Officio ‘ 


BOARD OF INVESTIGATION AND COORDINATION 


Gano Dunn, 


Frank B. Jewett. 


ON U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL 
ILLUMINATION COMMISSION 


AAE. Kennelly, 


C. O. Mailloux, 


Clayton H. Sharp. 


ON WASHINGTON AWARD, COMMISSION OF 


John Price Jackson 


Charles F. Scott. 


ON WORLD’S CONGRESS OF ENGINEERS, PHILADELPHIA 1926. 
BOARD OF MANAGEMENT 


Paul M. Lincoln, 


C. E. Skinner. 


ON U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 
Clayton H. Sharp, President, 556 E. 80th St., New York 
8S. G. Rhodes, Secretary, 124 E. 15th St., New York 


C. A. Adams, 

P. G. Agnew, 

&"C. A. Bates; 
7George K. Burgess, 
1James Burke, 

Js Js Carty 

L. W. Chubb, 
8‘Le Roy Clark, 
1C. L. Cotlens, 2d, 
W. A. Del Mar, 
1A. L. Doremus, 
Gano Dunn, 

SL. L. Elden, 


H. W. Fisher, 
4Com. C. S. Gillette, 
8Gen. G. H. Harries, 
H. M. Hobart, 

D C. Jackson, 

A. E. Kennelly, 

G. L. Knight, 

B. G. Lamme, 

5R. A. Lundquist, 
F. V. Magalhaes, 
C. O. Mailloux, 

A. S. McAllister, 

A. H. Moore, 

8R. W. E. Moore, 


tRepresentative of Electric Power Club. 
“Representative of American Society for Testing Materials. 
3Representative of War Department. 
{Representative of Navy Department. 
5Representative of Bureau of Foreign and Domestic Commerce. 
®Representative of National Electric Light Association. 
7TRepresentative of Bureau of Standards. 
“Representative of Associated Manufacturers of Electrical Supplies. 


F. D. Newbury, 
H. S. Osborne, 

L. T. Robinson, 
D. W. Roper, 
Harris J. Ryan, 
3Gen. C. Mck. Saltzman, 
8'H. R. Sargent, 
C. F. Scott, 

C. E. Skinner, 
Elihu Thomson, 
1A, E. Waller, 

2C. L. Warwick, 
R. B. Williamson. 
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LIST OF SECTIONS 


Name Chairman Secretary 
Akron P. C. Jones C. D. Black, B. F. Goodrich Co., 
‘ Akron, Ohio 
tlanta C. L. Emerson ae N. Pye, Box 1743, Atlanta, 
a. 
Baltimore W. B. KouwenhovenR. T. Greer, Lexington Building 
Baltimore, i 
Boston Alex. Macomber Ira M. Cushing, 39 Boylston St. 
, Boston, Mass. : 
Chicago J. E. Kearns George H. Jones, 72 W. Adams 
" : St., Chicago, Ill. 
Cincinnati A. M. Wilson C, G. Eichelberger, Union Gas & 
Elec. Co., Cincinnati, O. 
Cleveland G. B. Schneeberger T. D. Owens, Case School of 
Applied Science, Cleveland, O. 
Columbus E. M. Fitz A. W. Janowitz, 303 Hartman 
9 : Building, Columbus, O. 
Connecticut E. H. Everit A. E. Knowlton, Dunham Lab- 
oratory, Yale University, New 
Haven, Conn. 
Denver H. B. Dwight . B. Bonney, 603 Wyoming 
Building, Denver, Colo. 
Detroit-Ann Arbor E. L. Bailey F. L. Snyder, 13865 Cass Ave., 


Erie 


Fort Wayne 


Indianapolis-Lafayette 


Ithaca 
Kansas City 
Lehigh Valley 
Los Angeles 


Lynn 


Madison 
Mexico 
Milwaukee 
Minnesota 
New York 
Oklahoma 
Panama 


Philadelphia 


Pittsburgh 
Pittsfield 
Portland, Ore. 


Providence 
Rochester 

St. Louis 

San Francisco 


Schenectady 


Seattle 
Southern Virginia 
Spokane 


Springfield, Mass. 
Syracuse 
Toledo. 


Toronto 


Urbana 
= 
Utah 


Vancouver 
Washington, D. C. 


Worcester 


Total 47 


M. W. Metzner 
C. C. Grandy 

D. C. Pyke 

J. G. Pertsch, Jr. 
D. D. Clarke 

H. G. Harvey 

E. R. Stauffacher 
L 


. E. Smith 


. E. Wagner 

. K. Lewis 

H. Mortensen 
. W. Meyer 

F. Morehouse 
M. Fariss 


B. Coyle 


Dear tr 2 y O 


. B. Mateer 


O: Needham 
E. D. Treanor 
E. F. Pearson 


H. A. Stanley 
W. S. Burch 

B. D.Hull 

J. A. Koontz, Jr. 
R. C. Muir 


C. A. Lund 
Wn. C. Bell 
E. R. Hannibal 


J. M. Newton 
R. D. Whitney 
Gilbert Southern 
C. E. Schwenger 


E. B. Paine 
C. R. Higson 
F. W. MacNeill 


L. M. Evans 


LE. Pierce 


Detroit, Mich. 


L. H. Curtis, General Electric 
Co., Erie, Pa. 


L. C. Yapp, General Electric Co., 
Ft. Wayne, Ind. 


Victor T. Mavity, 226 Farmers 
Trust Bldg., Indianapolis, Ind, 


Geo. F. Bason, Cornell Univer- 
sity, Ithaca, N. Y. 


G. E. Meredith, Kansas City Pr. 
& Lt. Co., Kansas City, Mo. 


G._W. Brooks, Penna. Power & 
Light Co., Allentown, Pa. 


O. F. Johnson, 740 S. Olive St., 
Los Angeles, Calif. 


R. B. Hussey, General Electric 
Co., River Works, West Lynn, 
Mass. 


R. G. Walter, 900 Gay Building, 
Madison, Wis. 


E. F. Lopez, Fresno No. 111, 
Mexico, D. F., Mexico 


H. L. Smith, Louis Allis Co., 133 
Stewart St., Milwaukee, Wis. 


N. W. Kingsley, N. W. Bell Tele- 
phone Co., Minneapolis, Minn. 


. B. Meyer, 80 Park Place, 
Newark, N. J. 


A. D. Stoddard, Box 382, Bartles- 
ville, Okla. 


M. P. Benninger, Box 174, Bal- 
boa Heights, C. Z. 


R. H. Silbert, Philadelphia Elec. 
Co., 2301 Market St., Phila- 
delphia, Pa. 

M. E. Skinner, Duquesne Light 
Co., Pittsburgh, Pa. 

J. R. Rue, General Electric Co.; 
Pittsfield, Mass. 

H. P. Cramer, Portland Electric 
Power Co., Electric Bldg., 
Portland, Ore. 

F. N. Tompkins, Brown Univer- 
sity, Providence, R. I. 

Elmer E. Strong, 523 Commerce 
Building, Rochester, N. Y. 

Cris H. Kraft, Union Elec. Lt. & 
Pr. Co., Louis, Mo. 

A. G. Jones, 807 Rialto Building, 
San Francisco, Calif. 

C. M. Cogan, Lighting Engg. 
Dept., General Electric Co; 
Schenectady, N.Y. . 

J. Hellenthal, 606 Electric Bldg., 
Seattle, Wash. 

Harold C. Leonard, P. O. Box 
1194, Richmond, Va. 

James S. McNair, Washington 
Water Power Co., Spokane, 


h. 

J. Frank Murray, United Elec. 
Lt. Co., Springfield, Mass. 
Walter C. Pearce, 421 S. Warren 

St., Syracuse, N. Y. 

Max Neuber, 1257 Fernwood 
Ave., Toledo, O. 

D. B. Fleming, Hydro Elec. 
Power Commission, 190 Univ- 
ersity Ave., Toronto, Ont. 

Charles T. Knipp, University of 
Illinois, Urbana, Ill. 

Hiram W. Clark, 400 C. & GC: 
Bldg., Salt Lake City, Utah 
A. Vilstrup, B. C. Electric Rail- 
Go:, 425 Carroll St.. 


way 

Vancouver, B. C. é 

2 Pe) BS Horn; Commercial 
National Bank Bldg., Wash- 


ington, D. C. 
Stuart M. Anson, 1005 Park 
Bldg., Worcester, Mass. 


595 
LIST OF BRANCHES 
Name and Location Chairman Secretary 
Alabama Poly. Inst., Auburn, Ala. R. C, Dickerson L. R. Housel 
Alabama, Univ. of, University, Ala. C.S. Carlton W. F. Graham 
Arizona, Univ. of, Tucson, Ariz. Roy Osborne Edward Moyle 


Arkansas, Univ. of, Fayetteville, Ark. J. A. Cunningham 
Armour Inst. of Tech., Chicago, Ill. D. E. Richardson 
Brooklyn Poly. Inst., Brooklyn, N. Y. H. B. Hanstein 


Bucknell Univ., Lewisburg, Pa. E. S. Hopler 
California Inst. of Tech., Pasadena R. O, Elmore 
California, Univ. of, Berkeley, Calif. S. W. Scarfe 


Carnegie Inst. of Tech., Pittsburgh, Pa. W. J. Lyman 


Case School of Applied Science, Cleve- 
land, O. 


petbeds Univ. of America, Washington, 


H, P. Davis 


D.C. : spat i C. G. Kirby 
Cincinnati, Univ. of, Cincinnati, O. J. F. Morrissey 


Clarkson Coll. of Tech., Potsdam,N.Y. L. L. Merrill 
Clemson Agri. College, Clemson Col- 


lege, S. C R. W. Pugh 
Colorado State Agri. Coll., Ft. Collins Frank Ayres 
Colorado, Univ. of, Boulder, Colo. M. B. Inman 
Cooper Union, New York E. J. Kennedy 
Denver, Univ. of, Denver, Colo. C. G. Diller 
Drexel Institute, Philadelphia, Pa. H. Shelley 
Florida, Univ. of, Gainesville, Fla. J. R. Benton 
Georgia School of Tech., Atlanta, Ga. R. A.{Goodburn 
Iowa State College, Ames, Iowa A. Paone 
Iowa, Univ. of, Iowa City, Iowa G. C. K. Johnson 
Kansas State College, Manhattan V. O. Clements 
Kansas, Univ. of, Lawrence, Kans. H. A. Hudson 
Kentucky, Univ. of, Lexington, Ky. K. R. Smith 
Lafayette College, Easton, Pa. Wm. Welsh 
Lehigh Univ., S. Bethlehem, Pa. E. W. Baker 
Lewis Institute, Chicago, Ill. E. Millison 
Maine, Univ. of, Orono, Me. H. L. Kelley 
Marquette Univ., Milwaukee, Wis. E. O. Triggs 
Massachusetts Inst. of Tech., Cam- 

bridge, Mass. G. P. Davis 
Michigan Agri. Coll., East Lansing S. N. Galbraith 
Michigan, Univ. of, Ann Arbor, Mich. K. Y. Tang 
Milwaukee, Engg. School of, Mil- 

waukee, Wis. I. L. Illing 
Minnesota, Univ. of, Minneapolis L. McLeland 


Missouri, Univ. of, Columbia, Mo. M. P. Weinbach 
Montana State Coll., Bozeman, Mont. Jack Cowan 
Nebraska, Univ. of, Lincoln, Neb. O. J. Ferguson 
Nevada, Univ. of, Reno, Nev. Robert Plaus 
Bg ae State College, Raleigh, 


A. C. Bangs 
North Carolina, Univ. of, Chapel Hill L. P. Brown 
North Dakota, Univ. of, University S. J. Nogosek 
Northeastern Univ., Boston, Mass. L. F. Hubby 


Notre Dame, Univ. of, Notre Dame, 
Ind. 
Ohio Northern Univ., Ada, Ohio 


Frank Egan 
Arthur Upp 


Ohio State Univ., Columbus, O. L. S. C. Neeb 
Oklahoma A. & M.Coll., Stillwater F.C. Todd 
Oklahoma, Univ. of, Norman, Okla. R. B. Greene 
Oregon Agri. Coll., Corvallis, Ore. M. P. Bailey 
Pennsylvania State College, State 

College, Pa. H. O. Alexander 


G. V. Cresson 
G. H. Campbell 


Pennsylvania, Univ. of, Philadelphia 
Pittsburgh, Univ. of, Pittsburgh, Pa: 
Purdue Univ., Lafayette, Ind. E. T. Obenchain 
Rensselaer Poly. Inst., Troy, N. Y. F. M. Sebast 
Rhode Island State Coll. Kingston,R.I. M. Chappell 
Rose Poly. Inst., Terre Haute, Ind. P. Wilkens 
Rutgers College, New Brunswick, N. J. E. G. Riley 
Southern California, Univ. of, Los 


Angeles, Calif. H. A. McCarter 
tanford Univ., Stanford University, 
: Calif, ; M. L. Wiedmann 
Swarthmore Coll., Swarthmore, Pa. A. L. Williams 
Syracuse Univ., Syracuse, ING Ye E. J. Agnew 


Tennessee, Univ. of, Knoxville, Tenn. E. Eubanks 
Texas A. & M. Coll., College Station H. C. Hultgren 
Texas, Univ. of, Austin, Tex. G. C. Hengy 
Utah, Univ., of, Salt Lake City, Utah I. J. Kaar 
Virginia Military Inst., Lexington J. M. Yates 
Virginia Poly. Inst., Blacksburg, Va. F. L. McClung 
Virginia, Univ. of, University, Va. T. S. Martin, Jr. 
Washington, State Coll. of, Pullman J. Dunkin 
Washington Univ., St. Louis, Mo. H. Spoehrer 
Washington, Univ. of, Seattle, Wash. M. MacEwell 
West Virginia Univ., Morgantown O. A. Brown 
Wisconsin, Univ. of, Madison, Wis. H. G, Holmes 
Yale Univ., New Haven, Conn. 


Total 76 


C. E. Bowman 
J. S. Farrell 

J. E. Loerch 
A. L. Huffman 
M. L. Beeson 
F. E. Hurt 

R. A. Garbett 


George Geyser 


J. W. Dolan 
C. B. Hoffmann 


E. T. Augustine 


O. A. Roberts 
Lyndall Hands 
C. V. Roberts 
A. W. Carlson 
Ray Hoover 

D. L. Michelson 
Geo. Harrison 
J. A. Minor 

R. E. Paxton 
C. A. Von Hoene 
W. K. Lockhart 
R. M. Ryan 

J. D. Taggart 
J. B. Powell 

D. C. Luce 


K, W. Richards 


A. U, Stearns 
Fred Kapple 


J. A. Thaler 
O. E. Edison 
G. Fowble 


J. ©; Richert; Jr: 
H.C.Klingenschmitt 
T. E. Lee 

E. G. Crockett 


K, Faiver 

A. D. Beck 

J. M. Comly 
R. W. Twidwell 
M. F. Hill 

E. E. Bricker 


Leon Lentz, Jr. 

. Ortlieb 

. Wills 

. R. Bridge 

. R. Chamberlain 
. S. North 

. A, Reddie 

. J. Butler 


weraWryO 


Chet Little 


G. R. Stray 

S. R. Keare 

J. G. Hummel 

W. T. Elliott 

A. A. Ward 

W. K. Sonnemann 
M. B. McCullough 
J. B. Lacy, Jr. 

E. M. Melton 

J. W. McNair 

J. T. Yasumura 
C. M. Dunn 

E. T. Naden 
James Copley 

K. E. Wooldridge 


W. C. Downing, Jr. O. B. Skinner 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies. 


Fans.— Bulletin 36, 16 pp. Alternating and direct-current 
portable, oscillating, ceiling and ventilating fans. Century 
Electric Company, 1827 Pine Street, St. Louis, Mo. 

Fire Alarm Systems.—Bulletin A-35, 12 pp., describing a-c. 
and d-c. supervised fire alarm systems. Signal Engineering & 
Mfg. Company, 533 Canal Street, New York. 

Motor Starters and Controllers.—Bulletin 59, 12 pp. 
Describes a complete line of direct-current motor control ap- 
paratus. Ward Leonard Electrie Company, Mount Vernon, 
NS Y: 

Temperature Measurements in Generators, Trans- 
formers and Cable Systems.—Bulletin 871, 24 pp. The 
Leeds & Northrup Company, 4901 Stenton Avenue, Phila- 
delphia, Pa. 

Vertical Motors.—Cireular 2000, 4 pp. Describes the 
“Tdeal”’ line of vertical motors for miscellaneous applications. 
The Ideal Electric & Manufacturing Company, Mansfield, Ohio. 

A-C. Motor Starters.—Series of bulletins describing alter- 
nating current resistance starters, semi-automatic resistance 
starters, across-the-line starting switches. Allen-Bradley Com- 
pany, Milwaukee, Wis. 

Instruments for Radio Control Panels.—Bulletin 10, 8 pp., 
Deseribes the new small size, Roller-Smith Type TD, volt- 
meter double range, 0-6 and 0-120 volts. The instrument is 
intended for mounting on radio sets for the purpose of reading 
A and B battery voltages. The voltmeter incorporates a self- 
contained switch for the purpose of connecting the 6-volt range 
to the A battery and the 120 volt range to the B battery. Roller- 
Smith Company, 12 Park Place, New York. 

Street Lighting.—Booklet, 12 pp. Describes in detail the 
construction and application of the new asymmetric 2-way and 
4-way refractors for street hghting purposes. The advantage of 
these two new asymmetri¢ refractor types over the old symmetrie 
refractors is that the light is confined to the street and is not 
wasted on adjacent buildings. These refractors are especially 
desirable for residence streets. Holophane Glass Company, 
Inc., 342 Madison Avenue, New York. 

Performance of Instrument Transformers.—Catalog 
S. P., 32 pp. Analyzes the factors underlying the perform- 
anee of both current and voltage transformers and _ gives 
complete information for the application of these transformers to 
an electrical system. Wiring diagrams for instrument trans- 
formers have been included in the publication, together with a 
table of operating constants for Westinghouse instruments. 
Westinghouse Hlectrie & Mfg. Company, Hast Pittsburgh, Pa. 

Automatic Control System.—Bulletin, 4 pp. Describes the 
Trent automatic control system, a temperature gage combined 
with an automatic control which indicates the temperature of the 
apparatus and at the same time controls the temperature to any 
value within the range of the scale. Used in connection with 
electrical heated devices, gas, oil, steam or air heated apphanees, 
operating air or fuel valves, ete. H. E. Trent, 1524 Chestnut 
Street, Philadelphia, Pa. 


NOTES OF THE INDUSTRY 

Name Change.—The former U. 8. Ball Bearing Manu- 
facturing Company, Chicago, Ill., manufacturers of Strom Ball 
Bearings is now the Strom Ball Bearing Manufacturing Com- 
pany. No changes have been made or are contemplated in 
the organization’s personnel. 

Name Change.—The Copper Clad Steel Company, Rankin, 
Pa., has changed its name to the Copperweld Steel Company, to 
conform to the principal product of the company—known as 
Aristos Copperweld Wire. 

Kuhlman Electric Company, Bay City, Mich., manufac- 
turer of power, power distribution and street lighting transform- 


a 


ers, has opened a sales office at 300 Madison Avenue, New York, 
in charge of D. F’. Potter, Jr. : 

The Triumph Electric Company, Cincinnati, O., has 
appointed the Miller-Selden Company of Detroit, exclusive sales 


representatives in Detroit and vicinity for the line of self-start _ 


type T R 2, slip ring, squirrel cage and direct current motors. 

The National Carbon Company has moved its Chicago 
brush finishing plant from 560 West Congress Street to new and 
larger quarters, located at 551 West Monroe Street. The new 
location will enable the company to double its output and thus 
extend better service to their customers in the Chicago district. 

Voltage Surge Recorder.—A new instrument known as the 
Klydonograph has been developed by J. F. Peters of the Westing- 
house Electric & Manufacturing Company for recording abnor- 
mal voltages on transmission lines. With this instrument a 
graphie record of voltage surges of extremely short duration can 
be obtained, giving their polarity, magnitude, steepness of 
application, ete. 

The Allis-Chalmers Manufacturing Company, Mil- 
waukee, Wis., have taken over the power and mining works of 
the Worthington Pump & Machinery Company at Cudahy, 
Wis. The Worthington Company has discontinued its crushing, 
cement, mining and ecreosoting lines, and the Allis-Chalmers 
Company have acquired all of the records, patents and manu- 
factured stock, ete., pertaining to these lines. 

The Bristol Company, Waterbury, Conn., manufacturer 
of recording instruments and distributors of radio equipment, 
has leased space in the Larkin building, 3617 So. Ashland 
Avenue, Chicago, in order to adequately take care of the middle 
west business, which has grown to large volume. The space 
will be devoted to repairing and reecalibrating Bristol instru- 
ments in Chicago territory, and for stocking radio merchandise. 
The present salesroom and offices of the Bristol Company will 
be maintained in the Monadnock Building. 

Crocker-Wheeler Company, Ampere, N. J.—At a recent 
annual meeting of the company the following officers were re- 
elected; Edmund Lang, President; Arthur L. Doremus, Vice- 
President; Herbert C. Petty, Secretary; Theodore S. Fuller, 
Treasurer; George W. Bower, Assistant Secretary and Assistant 
Treasurer. The company's directors were re-elected and in 
addition Theodore S. Fuller and Herbert C. Petty were added 
to the Board. 

Negative Phase-Sequence Relay.—A new relay designed 
to protect polyphase motors and rotary converters against run- 
ning with one of the phases open (phase failure) with a reversal 
of phase rotation, or with phases sufficiently unbalanced to cause 
undue heating in the machine, has been developed by the West- 
inghouse Electric & Manufacturing Company. The relay is 
made up of four branches, consisting of an induction relay ele- 
ment, two reactors, and one resistor, which are all mounted in 
onecase. ‘This network is connected to two current transformers 
which are connected in two of the three phases of the polyphase 
eireuit. 

Square Instruments for A-C. Switchboards.—A com- 
plete line of rectangular shaped instruments for a-c. switch- 
boards, ineluding d-c. instruments for the exciter panels, has 
been developed by the Weston Electrical Instrument Company, 
of Newark, New Jersey. All of the instruments have uniform 
case dimensions of 534" wide and 6” high. This affords a con- 
siderable saving of space favoring the rectangular type over the 
round pattern type in the ratio of 5 to 9, on a typical four-circuit 
panel. This has been accomplished without sacrificing any of 
the qualities of the Weston round pattern instruments. In 
addition to the economy of space, these rectangular instruments 
have the same seale lengths as the corresponding round pattern 
instruments, a much better scale illumination and greater legi- 


bility due to the wide seale opening and bold type of ares and 
figures. 
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BALL BEARINGs 


An Old Company — a New Name 


The trade-mark and the product haven’t changed 


—only the Company name is different 


N the future—Strom Ball Bearings will 
be manufactured by the Strom Ball 
Bearing Manufacturing Company. 

Thus the product, and the company that 
makes it, will have the same name. 


The name “‘SSTROM?’’ on a ball bearing 


ts an asset. 


It is the trade-mark of a superior product, 
made in a superior way. 


So we decided to change the name of our 
corporation to embody this valued trade 
name. 


For Use 

“Wherever 
a Shaft 
Turns’’ 


No changes have been made in the com- P 


pany personnel. The high manufacturing 
principles which have governed this con- 
cern’s business will remain the same. 


Strom Ball Bearings will still be made with 
that exact scientific precision and that de- 
votion to perfection for which they have 
been noted in the past. 


Our service will keep on improving, as it 
has improved in the past. And we ask for 
our Company a continuation of the same 
kind and generous consideration which we 
have ever received from the trade. 


Our engineers are at your ser- 
vice. Consult them freely. 


Our ample stocks are ready to 
meet any emergency calls. Strom 
Ball Bearings are made in a 
wide range of sizes and styles, 
ready to meet your requirements. 


(Formerly U.S. Ball Bearing Mfg. Co.) 
4595 Palmer St., Chicago, III. 
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Municipal Cotton Press 


Los Angeles Harbor—San Pedro—California 
SPECIFICATIONS 


MOTOR—300 H. P. FAIRBANKS- This machine compresses both from 

MORSE ball bearing motor, 3 phase the ends and sides a 500 pound bale 

—60 cycle—440 volt—slip-ring. of cotton reducing it from, original 

: Which drives through flexible coup- Sere pees te eee Sema z 


ling to herring bone pinion and gear. 
A large part of the cotton produced 


PUMP — 4%" x 15” duplex high pres- in the Imperial Valley in Southern 
sure pump operating. California and Arizona is compressed 


in this press. 


COMPRESSOR—Plunger—24’; Stroke Our engineers will gladly aid in solv- 
—7 ; Pressure Plate—43” x 22”. ing your bearing problems. 


THE SKAYEF BALL BEARING COMPANY 


Supervised by SKF INDUSTRIES, INC., 165 Broadway, New York City 


1132 


——_ 
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The SELF 
ALIGNING 
BALL 
BEARING 


Deflected View 


Normal View 
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Pie fe le 


What Precision Means 


Precision, in its common usage, is a term defining extreme 
refinement of dimension and finish. But to us who manufacture 
and sell "NORMA" Ball Bearings and “HOFFMANN” Roller Bearings, 

iran precision has a far more comprehensive meaning. It means also bearing de- 
OPEN TYPE signs worthy of expression in a structure of extreme refinement, and superior STANDARD 
NORMA metals worthy of special treatments and highly refined machining processes. HOFFMAN 
eh SAS To you who manufacture, sell or use electrical machinery, ‘‘precision”’ in BEARING 
anti-friction bearings means longer life, greater serviceability—, higher 
speed qualities, better performance, lower costs. 


“NVRM 99 "HA VFFMAN’ 9 


BALL BEARINGS ROLLER BEARINGS 
For High-Speed, High-Duty For Heavy Loads and Hard 


CLOSED TYPE 
NORMA BEARING 


Performance 


Where the utmost of serviciability must be had 
under long-continued operation at high speeds— 
there is the recognized place of "NORMA” Pre- 
cision Bearings in the electrical industries. 
Proved by the tests of time and service, they 
have been progressively bettered to meet ever 
harder conditions—rather than cheapened to 
meet low-price competition. They are daily 
demonstrating their superlative dependability in 
hundreds and hundreds of thousands of motors 
and generators where the failure of a bearing 
would mean losses a thousand times the cost of 
the original bearing equipment. 


Anable Avenue 


“NORMA” engineers 
tunity to work with yours in applying these high- 
precision bearings to high-duty electrical machinery. 


welcome an oppor- 


TAE NYURMA CYUMPANY AMERICA 


Long Island City New York 


NN BALL, ROLLER AND THRUST BEARINGS 


Service 


Speed qualities equal to those of the best ball 
bearing, combined with a steady load capacity 
far beyond that of any ball bearing and a tem- 
porary overload capacity which no ball bearing 
has—these distinctive features suggest the field 
for ‘“Hoffmann”’ Precssion Roller Bearings in the 
electrical industries. Where the duty is hardest 
and the operating conditions most difficult and 
the necessity for stand-up-ability the greatest— 
there do “‘Hoffman’’ Roller Bearings reveal their 


true value and return the dividends which justify 
their use. 


A 


ENCLOSED 


SELF-ALIGNING 
HOFFMAN BEARING 
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Or 


Correct 
National Pyramid Brushes— 


for all operating conditions 


BY MEETING correctly the conditions in 
numerous individual installations, National 
Pyramid Brushes have saved thousands of 
dollars for industrial plants, central and sub- 
stations, trolley and rail lines. 


When you have a troublesome brush prob- 
lem, we will gladly assist you in solving it. 


Our sales engineers are always at your 
service. 


NATIONAL CARBON COMPANY, INC. 
Cleveland, Ohio San Francisco, Cal. 


Canadian National Carbon Co., Limited 
Factory and Offices: Toronto, Ontario 


Ask us about our 
data sheet service. 
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LLIS-CHALMERS MANUFACTURING COMPANY, having greatly 
extended and improved its manufacturing facilities for steam turbine units, 
particularly of the larger sizes, is now building these units in any commercial size. 


The placing in regular service several months ago of the 20,000 K.W., 80% P.F. 
unit for the Public Service Company of Northern Illinois, as illustr per here- 
with, will be followed by a 30,000 K.W. unit now building for the same station. 


Units ranging in capacity from 20,000 K.W. to 30,000 K.W. are now under con- 
struction in the Allis-Chalmers plant. 


In its more than sixty years of service Allis-Chalmers and its predecessor organ- 
izations have successfully built more than eleven million horse power in steam 


power equipment. 


This organization is at your service in any problem of power equipment. 


LLIS- CHALMERS M NU 


ee) | 
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Allis-Chalmers equipment 
now in operation in 
Waukegan Station, Public 
Service Company of 
Northern Illinois 


90.000 K. W., 80% P. F., 1800 R.P.M. 
Steam Turbine and Alternator Unit. 


32.000 sq. ft. Surface Condenser. 


1—36 in. Type “LS” Single Stage, 35,000 
G.P.M., 25 ft. hd., 435 R.P.M., Circu- 
lating Pump driven by 300 H.P. two 
speed Motor. 


24 in., Type “CS” Single Stage, 600 
G.P.M., 150 ft. hd., 1750 R.P.M. Con- 
densate Pumps each with 30 H.P. 
Motor. 


4—10,000 KV-A., 145,000 Volt, Oil In- 
sulated Water Cooled Transformers. 


FACTURING COMPANY 
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POLYPHASE SINGLE-PHASE 
Wat aw Asn 
Squirrel - cage Fynn-Weichsel Repulsion-induction 
Starterless ir 
Slip-rit 1g Split-ph ase 


Only Wagner builds them all 


HAT information should be of value to you. It means, first of all, that you can have 
confidence in Wagner recommendations. You can be sure that our recommendations on 
your motor problems are not made with one eye on your requirements, and the other on 
our chances of a sale. The only reason impelling us to advise you to invest in one type of . 
motor rather than another, is our conviction as to which is best suited to your needs., . 
It means that our engineers, having wide experience with all types of motors, are in 
exceptionally good position to make worth while recommendations based on thorough 
knowledge. They are not merely informed on all the good points of one type, and all the bad 
points of the others. 

It means that, according to your special needs or preferences, you need go no farther 
than our shops for synchronous-induction;’squitrel-cage, slip- ring 
and starterless polyphase motors and split-phase and repulsion- 
induction single-phase motors. It means that you can obtain only 
from the Wagner Electric Corporation the latest achievement of 
electrical invention, the greatest advance of recent years in motor 
development—the FYNN-WEICHSEL-MOTOR. 

It means, above all, that whatever type of motor you require, 
you can obtain it with the Wagner, Quality name-plate. 


——_ = | 


— 
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Wagner BA-type Re- 
pulsion-induction 
Motor. 


Wagner BR-type Slip- 
ring Motor. 


Wagner BB-type Split- 


phase Motor. 


Fynn-Weichsel, 

the motor that 

corrects power- 
factor. 


Wagner Pow-R- 
full Type Starter- 
less Motor. 


Wagner Pow-R- 
full Type Squir- 
rel-cage Motor. 


WAGNER ELECTRIC NAME 
CORPORATION ee 
You may send me—without | COMPANY 


obligation on my part—a 
copy of your bulletin No. | STREET 


134,describing THE Fynn- 
anes * Moror. 


tion the JOURNAL of the A. I. E. E. when writing to advertisers 
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# Uh 
Selb 
~ KILGWATTS hes a 


oN 
é 


VOLTS 


A Complete Line of 
Alternating-Current Instruments 
In both 4%6-inch and 72-inch sizes 


Including Ammeters, Voltmeters, Power-Factor Meters, 
Frequency Meters and Wattmeters. 


Readings practically unaffected by frequency, wave 
form or temperature, Wattmeters are free from errors 
due to power-factor and unbalance. 


Complete open face increases readability. 
Scale divisions widest at important operating loads. 


Reduced weight of meter, with reduced weight move- 
ment on bearings, assure longer life. 


Lithographed metal dials, hand marked. 


Circular 1664 contains complete information. Send for it. 


Westinghouse Electric & Manufacturing Co. 
East Pittsburgh, Pa.’ 
Sales Offices in All Principal Cities of the United States and Foreiga Countries 


WwW 


WESTINGHOUSE 
ELECTRIC 


Westinshou 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Journal A. I. E. E. 


ss se 


June 1924 ADVERTISING SECTION 1} 


ELECTRIC 


Meet the New Operator 


At the Madera Substation of the Penn Public 
Service Company, Westinghouse Automatic 
Switching Equipment controls a 5,000 kv-a. 

- synchronous condenser used for line regu- 
lation. 


Westinghouse Automatic Switching Equip- 
ment not only reduces expense by eliminating 
the operator but effects great economy in the 
transmission of power over long distance by 
automatically increasing the power factor 
when needed. Since the installation of this 
equipment it has been possible to greatly re- 
duce the system’s generating capacity. 

Let our engineers show you other examples 
of this nature. Write our nearest office for 
detailed information. 


Westinghouse Electric & Manufacturing Company 


East Pittsburgh Pennsylvania 
Sales Offices in All Principal Cities of the 
United States and Foreign Countries 


We 
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Lapp Insulators do not fail! 
—they are the result of 
straight-line thinking 


Lapp 

No. 2094 
Suspension 
Unit. 


a 
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Lapp Super-Strength 
High-Voltage Insulator 


The design illustrated we are manufacturing for mini- 
mum ultimate strength, without electrical failure, of 
300,000 pounds. The porcelain withstands over 
550,000 pounds, without failure. 


This design can be supplied for mechanical ultimate 
strengths from 40,000 to 400,000 pounds, without elec- 
trical failure and for electrical flashover up to 130,000 
volts per unit. 


The design has the following qualities: 


1. Less size and first cost and much less 
erection cost than standard suspension 
insulator strings used in multiple 
(where for nominal loads such method 
is feasible) but. after such multiple 
strings become impracticable because 
of complications for very high loading, 
this design continues up in strength to 
values many times those possible here- 
tofore and gives at all times a very 
definite security factor. 


2. The span cannot drop unless metal 
parts fail, because co-acting metal 
parts are interlocked. To guard 
against failure of any kind in service. 
each insulator is proof-tested at our 


factory to the full guaranteed strength, 
be it 40,000 or 400,000 pounds. 

3. Insulators cannot puncture, because 
the voltage drop is taken through a 
long length of porcelain, instead of 
through a limited thickmess as in 
ordinary insulators. It is even incon- 
ceivabie that lightning could injure 
the insulator. 

4. The design is such that an arc will 
not form nor shift over the surface of 
the porcelain. 

5. Very low wind resistance. 

6. Very low erection cost. 


7. Very low weight/strength ratio. 


You have available, therefore, simple responsible insulators for any 
voltage and any length span for which you can obtain a conductor. 


LAPP INSULATOR CO., Inc. 
LeROY, N. Y., U.S. A. 


Patent Pending 


Assembled 
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fost Insulators 
Look Alike 


It takes a keen eye to detect the slight variation in design which may 
distinguish one make of insulator from another when up on the line. 


Under ordinary conditions there is no noticeable difference in the 
service of good insulators. The factor of safety under abnormal con- 
ditions is the measure of the efficiency of an insulator. 


Lightning, surges, wind and sleet loads, reveal the quality of the 
porcelain and the efficiency of the design of the insulator. 


The scientific choice and preparation of materials, careful atten- 
tion to manufacturing details, thorough inspections in all stages of 
manufacture— are the Locke methods which insure continuous line 
service under all operating conditions. 


The porcelain is the insulation. Locke Porcelain makes possible 


Locke Insulators. 


LOCKE INSULATOR CORPORATION 
Baltimore, Md., and Victor, N. Y. 


ease moe oposite 


PORCELAIN 
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= THOMAS QUALITY 
INSULATORS 


‘ as eben eLL leah since 75. i 
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‘ items that are disregarded by the adj juster. ; 


a Theretore: it is the wise. ‘executive who a 
= specifies a known and dependable produc 

thereby guarding epeins! the! nece 
adjustments. 


For the Transmission Line, 


15 


7, | DJUSTMENTS n never compen: 
KA! sate the total loss. Labor, lime = 
Bs and Overhead are. important — 


remember that the Insulator f 
Security in service, of Rugged Design 
and having long life is the 


Thomas Link- Type Hewlett 2 


Insulator 
THE ALL-PORCELAIN UNIT 


THE R. THOMAS & SONS CO. 
EAST LIVERPOOL, OHIO 
CHICAGO BOSTON | LONDON 


NEW YORK 
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fre RECORD of 0-B INSULATORS 


in service is the best proof of 
their endurance. 


if they are to give a maximum return on the in- 


] it tier ere must be made under correct principles 
vestment. 


The average buyer has not the time nor the oppor- 
tunity to study the various factors that govern the 
quality of the insulators offered him. 


But he can always study the record in service—and 
that is proof positive of the principles of manufacture. 

The records made in service by O-B Insulators tell 
an eloquent story of correct principles, consistently 
followed. 


Time is the test. 


The Ohio Brass Company 
Mansfield, Ohio, U. S. A. 


TIME 1S THE TEST 
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“__and Another Factory Under Construction” 


HE. above is a picture of our present factory 
at Macomb, Illinois. Another factory of 
about one fourth the size of this one is under con- 
struction. Increased business has made it necessary 
for us to increase our facilities for manufacturing = ye MANUFACTURE 
Illinois high tension Insulators, Bushings and electric _ fis) Tension Insulators 


High Tension Bushings 
. . ° ° C C High Tension Floor Tubes 
porcelain. A continuous kiln is now being built. High Tension wall Tubes 
train Insulators 
Telephone Insulators 


If you are interested in prompt delivery of any Secondary Rack Insulators 
h é ; ptendard Reet ees 

[ Se Standard and Special Porcelains 

of the pro ucts Wwe manufacture, wrile U pie ae ataaete Ball) Dog’? As! 


sembled Split Knob 


Co. 


INSULATORS 
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Facts That Prove The Superiority 
of J-D Cementless Insulators 


Hundreds of thousands of J-D It is impossible for temperature 
cementless insulators are in service below the melting point of the alloy 
in all parts of the world, but notone — to create an expansion strain on the 
has ever shown an expansion crack. surrounding porcelain. Thus with 

no cement to deteriorate and the 
This fact is the most eloquent life of the porcelain limited only to 
testimony possible to the scientific the life of the attachment, whether 
soundness of the J-D exclusive prin- copper, iron or steel, there is absolute 
ciple of manufacture and assembly. assurance of the greatest possible 


permanency. 
The anchorage of steel spiders by 


means of a molten alloy—thus per- Our engineering department is al- 
mitting the elimination of cement ways at your service. It is ready to 
with its inevitable deterioration— arrange at any time for special tests 
gives J-D insulators innumerable and it will gladly advise you regard- 
advantages which engineers have ing any peculiar requirements or 
been quick to recognize. problems. 


No cement to crack or crumble under -« 
vibration or mechanical impact 


Jeffery-Dewitt Insulator Company 
Kenova, W. Va. 


Sales and Service in Pri moup al | Git e's 


) -— 
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‘Anaconda ‘Spans Niagara 


Seven 500,000 cm. Stranded Copper Conductors, each 
seven thousand feet long, weighing 11,129 lbs. and made 
_of continuous strands, span the Niagara River. 


The American Brass Company made this special cable 
to specifications of the Niagara Falls Power Company. 

. On test, the finished cable exceeded the specifications, 
thus providing an additional margin of safety. 


This is but an example of the service rendered the Elec- : 
trical Industry by the world’s largest manufacturer of 
__ Copper and Brass Products. | S oo 


“ANACONDA 


i THE 
COPPER MINING rN AMERICAN BRASS 
COMPANY . ANACON DA  —- COMPANY 

'Z Rolling Mills Dept. om mine to consumer Sales Offices 

i ’Conway.Bldg.,Chicago  =«s-—™ = 25 Broadway, N.Y. 


“ Mills and Factories: : Ansonia, Conn., Waterbury, Conn. 
‘Hastings-on-Hudson, N. Y., Kenosha, Wis., Great Falls, Mont. 
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10,000 Kva 
Pittsburgh Polyphase Transformer 


Self-Cooled © 


Shipped completely assembled, with all 
Radiators attached, on a standard car. 


Largest Self-Cooled Radiator Transformer heretofore made 
and shipped, completely assembled, full of oil, 


by any manufacturer. 


Pittsburgh Transformer Company 


Largest Manufacturers of Transformers Exclusively 
in the United States 


Pittsburgh, Pennsylvania 


Please mention the JOURNAL of the A I. E. E. when writing to advertisers. 
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This 10,000-Kva. Pittsburgh Self Cooled feotentiaee 
Transformer has new features of design, as follows: 


1—Double Magnetic Circuit Polyphase Core invented and developed by our 
engineers. 


2—Elliptical Coil, permitting the most efficient magnetic circuit and giving the 
strongest mechanical structure yet produced. This design was also invented 
and developed wholly by our engineers. 


3—Method of Cooling—The New Pittsburgh Radiator. Twice as efficient as 
the best radiator heretofore produced,—(twice as much radiating surface 
for the same amount of oil). This radiator was also invented and developed 
by our engineers. 


The above features of design are of fundamental importance. They 
were invented and developed by Pittsburgh Transformer Company 
engineers, and their wide introduction and increasing use during the 
past few years has constituted a prominent achievement in the 
transformer art. 


This 10,000 kva. transformer also embodies other features of 1m- 
proved design, among which may be mentioned: 


Pittsburgh Expansion Tank Construction. 
Pittsburgh Tap Changer. 


We believe this 10,000 kva. Pittsburgh Self-Cooled Polyphase trans- 
former to be the largest self-cooled radiator equipped transformer 
ever made and shipped on a standard car, completely assembled and 
full of oil, by any manufacturer. 


We are prepared to make transformers up to 15,000 kva. Selt-Cooled 
and ship completely assembled, filled with oil and with all radiators 
permanently attached, on standard cars. With a drop car, we are 
able to manufacture and ship up to 20,000 kva. Self-Cooled com- 
pletely assembled transformers. This substantial advance in trans- 
former design and manufacture is made possible by the greatly 
increased efficiency of the new Pittsburgh Radiator. 


Pittsburgh Transformer Company 


Largest Manufacturers of Transformers Exclusively 
in the United States 


Pittsburgh, Pennsylvania 
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Kuhlman 


Transformers 


A Prominent Factor in 
Utilizing the Water 
Power Resources 
of the Nation 


One of the most important links in the 
chain which makes possible the utiliza- 
tion of the abundant power derived from 
the many different streams of the Na- 
tion, is the Kuhlman Transformer. 


Kuhlman Transformers have carried 
their loads with reliability and economy 
tor Industrial, Electric Light and Water 
Power Plants since 1893. 


KUHLMAN ELECTRIC CO. 
Bay City, Mich. 


Manufacturers of Power, Power Distributiom, and 
Street Lighting Transformers 


Write for Bulletin 210 


= 
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SPECIAL 
TOWER STEEL 


is the’ tough, ductile 
High Elastic Limit 
Steel developed by 
Pacific Coast Steel 
Company. It is used 
for 
Transmission Towers 
_Latticed Poles 
Bus Structures 
Switch Racks—Platforms 
Radio Towers 
Electric Sign Supports 


Please mention the 


JOURNAL of the A. I. E. E. when writing to advertisers. 
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SPECIAL TOWER STEEL 


RB ADOPTING the higher stresses 

ermissible through the use of 
high elastic limit Special Tower Steel, 
substantial savings in the weight of 
Transmission Towers and other struc- 
tures can be made. 


Pacific COAST STEEL COMPANY 


MANUFACTURERS OF 
OPEN HEARTH STEEL 
STRUCTURAL SHAPES MERCHANT AND REINFORCING BARS 
TRANSMISSION TOWERS AND STRUCTURES 
Gen‘l Office: Rialto Bldg., San Francisco Plants: San Francisco, Portland, Seattle) 
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As Good as They Look 


24 


2? 


ghout in accordance with the ideals which in the 
Packard”’ synonymous with surpassing craftsmanship. 


Packard Transformers are built throu 
last third of a century have made “ 


g — for every service. 


Metering — Series Circuit Regulatin 


ransformers stocked in San Francisco. 


"Spek. Oleditic Company Vs 


Power — Distribution = 
Stock of Distribution T 


1890 


Since 


Manufacturers 


Transformer 
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ECURING and retaining a 
a dielectric strength of Trans- 
former Oils is no longer a 
tedious, difficult problem. A great 
force—generated in the SHARPLES 
Super Centrifuge —- eliminates all 


ae impurities such as water, fibre, dirt 
¢ ig 


Oe : and sludge in Transformer Oils. 


; CEppRiN 


* + a 


The SHARPLES Portable Super 
Centrifuge develops two and a half 
times the Centrifugal Force gene- 
rated in any similar device. This high 
Centrifugal Force is positive as- 
surance that Transformer Oils—when 
Super Centrifuged—will always have 
a greater dielectric strength than 


specified by the N. E. L. A. 


* * + 


The SHARPLES Super Centrifuge is obtainable in a dual 
purpose Portable Machine. It is both a Dehydrator and 
Clarifier, being used on Turbine or Diesel Engine Oil and 
on Transformer Oil. 


SHARPLES Engineers have important information — 


which you should have—on the subject of the purification 
of Transformer Oils. 


THE SHARPLES SPECIALTY COMPANY 
2300-2324 Westmoreland Street 
Philadelphia, Pa. 


Representatives in all principal Industrial territories 


SHARPLES 
SUPER CENTRIFUGAL 
FORCE eo 
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A new book on 


DOSSERTS 


Journal A. I. E. E. 


Each succeeding issue has |} 


given new data on making 
connections. This issue 
—more helpful. 


GIVES 
Photos of installations 


Tables of Wire and Dossert 
Dimensions 


Tensile Strength Tables 
List Prices and Discounts 


Instructions for Installation 


ye a A 
$ Ja a 
~ 
To 


DOSSERT & CO., 
242 West 41st St., 
New York. 


Request for book on con- 
nectors on Stranded and 
Solid Wires — Rods and 
Tubing. 


The diameter of the core of a certain size eabl 
according to the number of strands tn the cable, 
reason the number of strards ina cable mist he hao: 
Type B Connectors can he furnished. 

Type B Connectors are not tarde for eandictes 
than No. 0, and ean be used on concentric sid 


wuiree YOUR WIRES OR CABLES COME 
{OGETHER CONNECT. THEM WITH 


DOSSERTS 


~ TUE TAPERED SLEEVE SOLDERLESS 
CONNECTORS 


How to Put Together a Type “B” Dossert 


First,—Clean the insulation thoroughly: fru 
ahout 14 inch (for smaller sizes) ane 
SE ee SY 


let ay 29 


These 
applications 
on 3-color 
wall hanger 
—mailed on 
request. 


Cyr 5 


ee 8 Te takes inv ps King Wine : 
\F BAD JOINT, es Vire and Cable joints 


t. Z 
the hest Wining system 


ane it ; 
ay the larger S75 the 
Spcoxp layer of atte 
hammer! and mould 


io lager IME 
the wutsnie Bt 


HE use of Dosserts in power plants, substa- 
tions and distribution layouts, is now standard 
practice with a great many central stations. 


Perhaps the words of a large engineering contrac- 
tor 1n power house wiring may explain the reason: 


‘“We use Dossert connectors in all our 
work, for experience has proven that they 
not only make very efficient and neat ap- 


pearing joints, but in practically every 
instance they save us money.”’ 


The 20th year book will suggest uses on your wiring. 


DOSSERT & COMPANY 


H. B. LOGAN, Pres. 242 West 41st St, NEW YORK 


"eR eervererermemreremrernse 
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Coo ‘*P & H Process"’ Poles in lines of Tucson Gas, Electric Light & Power Co. “ CTO 


Guaranteed Penetration in 


“P & H Process Poles 


Every “P & H” Pole Butt Treated by the “PD & H Process” is guaranteed, 
in writing, to show a full sapwood penetration to a depth of one-half inch. 
We refund the Butt-treating price on any pole that does not show the 
penetration specified. The <P & H” is the original Guaranteed Pene- 


tration Process. Your safeguard lies in specifying “P & H.” 
Your Butt-Treated or untreated cedar pole needs promptly supplied. 


“Still in the Lead” 


PAGE >” HILL CO 


® 
MINNEAPOLIS s» MINN. 
New York, N. Y. 50 Church St. Kansas City, Mo.717 Bryant Bldg. Dayton, Ohio, Reibold Bldg. 


Chicago, Ill. 19 So. LaSalle St. Omaha, Neb. 536 Keeline Bldg. Dallas, Texas, Central Bank Bldg. 
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66,000 Volt 


ADVERTISING SECTION Journal A. I. E. E. 


Any size—any voltage—-any number of conductors — any 
combination of cables—in fact, anything you want for the 
end of your cable. 


Large stocks, quick delivery, intelligent engineering backed 
by experience and smiling service. 


Investigation of what we can furnish for a given layout is 
worth while for many reasons you will quickly appreciate. 


Let our engineers show you the operating economy that 
results from a small expenditure and the proper application 


of G & W Potheads and Boxes. 


Catalogs, Blue Prints, prices and suggestions, 
in fact any information desired, will be sent 
without obligation at your request. 


sei i G&W ELECTRIC SPECIALTY CO. 


Manufacturers of Potheads, Disconnecting and Non-disconnecting 
Switching and Distribution Boxes; Overhead and 
Underground Distribution Specialties 


7440-52 So. Chicago Avenue, Chicago, Illinois 


Sales Representatives in the Larger Cities 


35,000 Volt 


Disconnecting 
15,000 Volt Pothead 


6,600 Volt 


yal 
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NTH AND tue 


— DISTRIBUTORS— 


Sales Offices in 
all Principal Cities 


Westinghouse Elec. & Mfg. Co. Western Electric Company 


JOURNAL of the A. I. E. E. when writing to advertisers. 


Please mention the 


30 ADVERTISING SECTION Journal A. I. E. E. 


I. P. Morris Hydraulic Turbines 


The Wm. Cramp & Sons Ship & Engine Building Co. 


Richmond and Norris Sts., Philadelphia 


Four 1500 Horsepower Turbines Equipped with Moody 

Diagonal High Speed Runners were installed in this plant 

at Anson, Maine, for the Great Northern Paper Company 
Head 20 Feet Speed 150 R. P. M. 


Official, test of these units conducted by Prof. Charles M. Allen 
showed a turbine efficiency of 90.9 per cent. 


I. P. Morris Turbines equipped with 
the Moody Diagonal High Speed 
Type of Runner, built or under con- 
struction, have a total aggregate 
capacity of 200,000 Horsepower. 


Designers and builders of the Johnson Hydraulic Valve and the Moody Spiral Pump. 


ASSOCIATED COMPANIES 
The Pelton Water Wheel Co., San Francisco and New York 
Dominion Engineering Works, Ltd., Montreal, Canadian Licensees 
M. Hilpert & Co., Rio de Janeiro, Brazilian Licensees 
; 
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Self-contained 
operating units 
mounted on 
trucks. 
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For a replacement breaker where space is limited and a higher 
interrupting capacity is desired, there is nothing quite the equal of 
truck type oil circuit breakers. 


They afford the opportunity of trebling your interrupting capacity 
for a given space at a low initial cost, and are usually adaptable to 
existing cell structure. 


They require a minimum of head room and relatively small floor 
space. They eliminate the necessity of overhead framework and 
massive side walls. 


—and because of their quick replacement feature offer excellent 
service facilities. 


Don’t tear down your existing cell structure—install a CONDIT 
truck type breaker with poles mechanically interlocked—and save 


"9 Got tn Louck Lith Condit 


CONDIT ELECTRICAL MFG. CO. 


Manufacturers of Electrical Protective Devices 
South Boston, Mass. 


Northera Electric Company 


A A 
aa GNi Sole Distributors for the Dominion of Canada 


ONDIT 
Features 


1. “Double” tanks. 


2. Energy Absorption. 

3. Self-contained mufflers. 
4, Massive rigid frames. 
5. Laminated contacts. 

6. Truck type units. 
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With Champion You Need No 
3 Spare Switches 


_ Champion Indoor Switch, 1200 Ampere Capacity 


With Drop-Forged Copper Clips, instead of conventional cast copper or roll sections 
sweated and riveted together—absolutely homogeneous—elimination of joints means 
reduction of hazards—No blow holes or any degree of porosity—98 % electric conductivity 


The ready acceptance of Champion 
Switches is due to the fact that these 
new and greatly improved designs 
solve vexatious service problems and 
save money. 


When you equip with Champion 
Switches you are not obliged to keep 
complete spare switches in stock 
against an emergency. 


All Champion Switches are fitted with 
interchangeable type porcelains which 
can be easily and quickly replaced in 
case they are damaged in service. 


To insert a new unit all that is neces- 
sary is to remove the bolts which are 


used to attach the switch to the por- 
celains and the porcelains to the bases. 


There is no cement to crack or crumble 
under vibration or mechanical impact. 


In many designs other than Champion 
this can not be done because the 
switch parts are cemented directly to 
the porcelains. Hence it is necessary 
to carry in stock a complete spare 
switch in order to avoid a long inter- 
ruption of service. 


A representative set of blue prints, 
covering Champion indoor and out- 
door switches and bus supports will 
be sent you on request. 


THE CHAMPION SWITCH COMPANY 
550 ABBOTT ROAD 
Post Office Box 816—Buffalo, N. Y. 


CHAMPION SWITCH 
COMPANY 
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Some Static Condenser Facts 


The manufacture of static condensers and their application 
to power factor correction is an economic problem, involv- 
ing as it does reliability in operation, reasonable initial 
cost and the question of size and weight. These factors 
have a definite relation to the quality of the condenser 
dielectric: 


Reliability. Ordinary insulating materials operated at 
stresses equivalent to those utilized in other electrical 
apparatus may give a reliable condenser, but at the sacri- 
fice of cost, weight, and dimensions. 


Initial cost. The corrective capacity obtained from a given 
area and thickness of dielectric varies directly as the square 
of the applied voltage. An increase of 100% in working 
stress on the dielectric gives four times the corrective capac- 
ity at approximately 14 the cost per kv-a. 


Size and weight. With a high-quality dielectric one half 
the thickness can be used for a given voltage and twice the 
active area can be contained in a given volume. This means 
4 the volume and weight for a given rating of equipment. 


The principle underlying G-E Static Condenser design is the 
use of a superior dielectric to permit a high working stress 
and obtain these advantages of low cost and minimum size 
and weight. G-E Static Condensers today contain an im- 
proved dielectric of a quality never before obtained. 


General Electric Co. Schenectady, N. Y. 


GENERAL ELECTRIC 
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11,000 Arrester-years of Service 


are behind your purchase of station-type Oxide Film Arresters 


a 


An arrester worthy. of the name must protect 
apparatus against lightning disturbances, at 


General Electric Company the same time protecting itself, and must do 


Schenectady, N. Y. ee 3 : 
Sales Offices in all Large Cities this indefinitely. The Oxide Film Arrester does. 


n 
—~ 


ENERAL ELECTRIC 
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1. The material used is the finest obtainable. 
2. The workmanship is of the highest standard. 


3. The design incorporates intensive knowledge 
acquired during 40 years of meter building, 
in co-operation with users throughout the world. 


TECHNICAL DATA 


Torque. 5 gram-centimetres. Starting Watts. 0.5% of rated full load at 


unity power factor. 
Weight of Rotor. 13 grams. Shunt Loss. 1.5 watts. 


Speed at full load. 40 revs. per minute. _ Series Loss. 1 watt at rated current. 


Changes due to variation of Voltage, Frequency and Temperature are negligible. 


Weight. 41% lbs. Overall Dimensions. 6,5 inches X 3}$ inches < 3,4 inches. 
1293%ke: 167 mm. X 100 mm. X 81 mm. 


Cost of Transport to any port in the world does not exceed 6 d. 


FERRANTI, LIMITED 


HOLLINWOOD, LANCASHIRE, ENGLAND 


CANADIAN Main Office and Factory: Ferranti Meter & Transformer Manufacturing Co. Ltd., 26 Noble St., Toronto 
BRANCHES: Montreal Winnipeg Halifax Timmins Calgary 
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Do not estimate maximum demand—measure it 
It’s the cheaper and the only equitable way 


Bee a customer's probable maximum de- 
mand is hardly any fairer than estimating his 
probable monthly energy requirements and doing 
without watthour meters. Periodic estimates of cus 
tomers’ demandsare expensiveand inaccurateand do 
not permit of ready adjustment of rates ifacustomer’s 
demand increases or decreases. The consumer is sel- 
dom satisfied with the rate he gets for he knows that 
the estimate of his demand is but little better than a 
mere guess. The only equitable basis for making 
demand charges is to determine accurately the 
actual maximum demand that has occurred be- 
tween regular monthly meter readings. 

This is exactly what the Sangamo Maximum- 
demand Register permits you to do. It combines in 
one unit a watthour register, a demand register and 
a timing device, indicating ona single dial the energy 
consumption and the maximum demand that has 
occurred since the last meter reading and resetting. 

A high degree of accuracy is obtained in both 
energy and demand indications as the result of a 


number of features of which the following are the 
most important. 

Very little torque is required to advance the 
demand-indicator hand thus placing practically no 
additional load on the rotating element of the meter. 

Constant time intervals—a most important consid 
eration—are insured through the use of a new tpye of 
motor which operatesata constant synchronous speed 
despite voltage, friction and temperature variations. 

The use of synchronous motors for this purpose 1s 
a Sangamo development. 

No slippage or inoperative periods of appreciable 
lengthexistasthedriveis positive and the pusherarm 
5 reset almost instantaneously through the release 
of a spring wound up by the synchronous motor. 

You can readily obtain the benefits derived from 
monthly maximum-demand readings as any Sangamo 
TypeH Watthour Meter may be easily converted 
into a combined watthour and demand meter by 
replacing the standard register with the Sangamo 
Maximum-demand Register. Write for details. 


Sangamo Electric Company 
Springfield, Illinois 


New York Chicago 


Birmingham 


San_Francisco Los Angeles 


ANGAMO METERS 


MigeRe § var RY. E-L 


6020-1 
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“It goes 
in the space”’ 


Acme Wire “goes in the space,’ smoothly, 
easily, without any kinks or bulges. The 
last turn does not have to be forced and 
hammered into place. 


It goes in the space because it is uniform, 
free from lumps, bare spots, and other im- 
perfections. Its insulation 1s smooth, even, 
and of high dielectric strength. 


Back of Acme Wire is a company that 
has pioneered in the development of fine 
silk- and cotton-covered enamel wire since 
the beginning of the magnet wire industry. 


Back of it, too, are years of investigation 
and research in developing wire that exactly 
meets winding conditions. Acme knows 
these conditions thoroughly, for in our own 
plant hundreds of thousands of coils are 
wound each year. 


The slightly higher cost of Acme Wire is 
returned many times over in the increased 
output of winders, the fewer rejected coils, 
and the longer life of windings. 


THE ACME WIRE CO., New Haven, Conn. 
NEW YORK CHICAGO CLEVELAND 


Acme 


Wire 


ACME WIRE PRODUCTS 
“Enamelite,” plain enameled Magnet Wire; “Cottonite,” 
Cotton-covered Enamelite; “Silkenite,” Silk-covered En- 
amelite; Single and Double Cotton Magnet Wire; Single 
and Double Silk Magnet Wire. We also have a complete 
organization for the winding of coils in large production 
quantities. 


ACME VARNISHED INSULATIONS 
Varnished Cambrics, Silks and Papers, Varnished Tapes 
in rolls; straight or bias. Varnished Tubing (Spaghetti). 


ACME RADIO SPECIALTIES 
Audio Transformer windings; Radio Frequency windings; 
Magnet windings for Head Sets; Enameled wire—especially 
the finest sizes, 40-44 B & 5S gauge; Silk and cotton-covered 
magnet wire; Enameled Aerial wire, single wire and stranded. 


Illustrated Catalog on request to Engi- 
neers, Purchasing Agents, Executives, 


and Operators. 


Journal A. I. E. E. 


OU have heard men say — fibre 
is too this, or too that to work 
well on this job.”’ 


All that is true is that some par- 
ticular grade of fibre was unsuited for 
that job. 


There might have been a different 
grade that would exactly have fitted 
the needs on that piece of work. 


The operations of manufacturing 
fibre are so flexible that many different 
grades, each with its own limitations 
and advantages, can be made. 


The exceptional facilities of the plant 
of the National Vulcanized Fibre Com- 
pany, the largest fibre plant in the 
world, enable them to offer to the 
electrical trade, vulcanized fibre of a 
wide choice in grades. 


Thus, you can have exactly the 
right type of fibre for each special 
piece of work. 


Let our Service Testing Department, 
by actual and practical tests, show you 
the grade best suited to your needs. 

Tell us what you want fibre for, what 

it is to accomplish and we will be glad 


to offer the advice of experts on the 
grade that will give 100% fibre efficiency. 


S\N 
NATIONAL 
VULCANIZED FIBRE Co. 


BOSTON Wilmington, BIRMINGHAM 
New York DENVER 
PHILADELPHIA Del., U.S. A. TORONTO: 
PITTSBURGH GREENVILLE 
CLEVELAND SAN FRANCISCO ST. LouIs. 
CHICAGO DETROIT ROCHESTER BALTIMORE 


°“@————__9'1@,_ 359 
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The Ultimate Choice 
for Radio Devices 


Rea the magic word of today, has brought new 

problems and new responsibilities. Radio buying is 

Rae is done more carefully now, and a vast army of discrimi- 
:NAMEL, : ; 3 : 

ius tom No, nating buyers has replaced the untrained, inexperienced 

40 and _ finer, is ° J 

Oisredininde enthusiasts of the first radio boom. 


vidual cartons. 
The carton pre- 


vents Htka St che bi Radio manufacturers must build radio parts to higher 
gr damage to insulation. standards than before, and so it is not strange that BELD- 
enamelnowsandsee how ENAMEL is now specified for radio devices of superfine 
ing the next radio season. quality : 


{—Radio-Frequency Transformers 
The uniform resistance and quality of Beldenamel 
insures radio frequency transformers of remarkably 
uniform impedance, so essential for efficient operation. 


2—Audio-Frequency Transformers 
The tremendous number of turns used in these trans- 
formers demands high-speed winding operations, uni- 
form wire smoothly spooled, and insulation of high 
di-electric strength. The fact that Beldenamel is used 
in a large number of transformers of this type is evi- 
dence of its superiority for this application. 


3—Radio Head Sets 


A large number of turns in a small space, high-speed 
winding, and uniform impedance are the requirements 
of head-set manufacturers. Beldenamel is always the 
ultimate choice of the executive who watches his costs. 


4—Radio Loud Speakers 


Loud speakers are operated on higher B-battery volt- 
ages than head-phones. For this reason, Beldenamel, 
with its high di-electric test, insures a loud-speaker 
winding that survives severe service indefinitely. 


Get in touch with us, now, for a sample lot of Beldenamel 
in any size from No.5 to No. 46. Later in the season, 
when the demand for Beldenamel often exceeds the sup- 
ply, we can give the best service to manufacturers who 
have anticipated their needs early in the season. 


es eee 
Belden Manufacturing Company Relde n Lon pact ung (ompamuy 


r 
: Pi 
2 1 
i Chicago i 
4625 W. Van Buren Street, g ; ; 
i 
1 We are anxious to know more about Beldenamelfor , Electrical Wire, Cable and Cordage 
: - Magnet Wire Department 
| General Office and Factory 
; enninees uJ 2300 S. Western Avenue 4625 W. Van Buren Street 
4 oe send us your recommendations and engineer : PTHOKGO! SINOIS 
ing data. - ae: 
: Pacific Coast Representatives, Keeler ite Co 
1 1 na oe i ea oe Angeles San Francisco Seattle 
: Neme ‘ xtokichent N. J 211 S. San Pedro St. 509 Mission St. Polson Bldg 
i i 
i SS 
sae i, You are cordially invited to visit either one or both of our plants 
: : during the A.I. E. E. Convention at Chicago 
eee eae ene ee eS 
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For Boreholes or 


Mine Shafts 


There’s a husky Hazard 
Cable made for borehole or 
shaft suspension purposes. 


Its heavy layers of tough 
rubber insulation are abso- 
lute assurance against cur- 
rent leakage; and its layers 
of armor protect it against 
mechanical injury and the 
evils of acid mine water, 
and provide a means of 
suspension. 

This Cable is designed for 
just this sort of work, anda 
high factor of safety is 
built into it. 


Hazard Manufacturing Company 
Wilkes-Barre, Pa. 


Birmingham Philadelphia 


y New York Pittsburgh Chicago Denver 


SUNT. UUTUTTUTUULLALULALULULLLLLLLLLLLLLLCCLLCLECLOLLLLUUCUUCUULULLCLLLCLCCCUOC A Occ 


THE PERFECT TRANSMISSION LINE 
INCLUDES 


_CODPERWELD” 


MADE BY THE MOLTEN WELDING PROCESS 


OVERHEAD GROUND WIRE 
TELEPHONE WIRE 
LONG SPAN CONDUCTORS 
GROUND RODS z 

GUY WIRE z 


COPPERWELD DOES NOT RUST AWAY 


TT 


==DUDLOZ:| 


MAGNET WIRE PRODUCTS 


PUTTER LLL LLULLUUAA LUC COUUT 
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WINDINGS ® MAGNET WIRE 
IGNITION ENAMELED 

RADIO SINGLE »* DOUBLE 
|| TRANSFORMER COTTON COVERED 
1) JAM _ SINGLE» DOUBLE 


SILK COVERED 


“DUDLO MANUFACTURING CORPORATION 
WALL STREET FT’ WAYNE. INDIANA. 


WESTERN REPRESENTATIVE A.S.LINDSTROM 
111 NEW NONTROMERS ST, SAN FRANCISCO CALIFORNIA 


UTE LCCLCU CALCULA 


Our organization will gladly cooperate with 
you on special problems. 


If you have not received your copy of ‘“‘Engi- 
neering Data—Copperweld,”’ please write us. 


UUETULALNCLLLLLACLULLOAAELELLCU ELLA EUUUCLTECULUAOOUULCUCUUOUOTCUOOMOOUUUOUNUUOUUTCOOUUMOUOOUUPOOUUT OOOO TT 
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COPPERWELD STEEL COMPANY 
FORMERLY NAMED COPPER CLAD STEEL COMPANY 
30 Church — New York 403 Rialto Bldg., San Francisco = 
129 S. Jefferson St., Chicago Braddoc Spoons ah = 
= AUNINMUENINLNIIIHNL LULNLIUIML VUDTUVEAV UNEVEN TDILUUUVVOOUUNVNVO000 00000 CACO OVDLOEUUAUOTAUUOUUUUULOCUUALOUUENEAOAVHUUAUUOUUUAIHUULL HUN HEAT WTI = 
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AERIAL CONDUCTOR —————> a 
| 

CAP NUT (A \ \ 

ING KUT \B) AVITH HOOD- 


NOTE THAT 
JOINT IS UNDER 
THE PETTI- | 
COAT OF THE 
INSULATOR. 
WHICH PRE- 
VENTS ANY 
MOISTURE 
FROM ENTER- 
ING 


BELL —————> 
S SPACE FILLED WITH = 
INSULATING COM 


PLUMBERS WIPED JOINT : 
FROM BRASS BELL TO—————> 
LEAD SHEATH OF CABLE < 
SAD SHEATH OF CABLE———_ 


SECTIONAL VIEW OF THREE CONDUCTOR TYPE DOA, 7500-vOLT TERMINAL, 


XCLUSIVE Features of Type DOA Terminals are shown in the 

illustration. These exclusive and patented features are necessary 

to the complete protection of the cable insulation against moisture and 
electro-static discharges. 


When you buy STANDARD terminals you get insurance against cable 
breakdowns in addition to all advantages possessed by other makes. 


If interested write our nearest office for Terminal Bulletins. 


Standard Underground Cable Co. 


Boston PHILADELPHIA ATLANTA CHICAGO Sr. Louis Los ANGELES 
New YorK W ASHINGTON PITTSBURGH DETROIT Kansas City SEATTLE 
San FRANCISCO 


For Canada: Standard Underground Cable Co. of Canada, Limited, Hamilton, Ont. 


Ask for 


= MORE Specification No. 2053 =(IM(ORE* 


for your files 


Simeore wires and cables are subjected to voltage tests ranging, 
according to size, from 33/3 to 100% in excess of underwriters’ re- 
quirements; they have a smooth finish, are easy to pull in and 
ean be delivered quickly. Simcore is safe and gives satisfaction. 


SIMPLEX WIRE & CABLE @ 


MANUFACTURERS 
201 DEVONSHIRE ST., BOSTON 9 
CHICAGO SAN FRANCISCO NEW YORK 
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“AMERICAN BRAND” 


SERRA SEAT TNR RAITT AMIE 0 


Weatherproof Copper Wire and Cables 


You can buy weatherproof 
wire cheap, but is it worth 
what it costs? 

“American Brand’’ gives 
you more mileage per dollars 
with a longer life on the line. 

Get a sample and satisfy 
yourself. 


% 


“AMERICAN BRAND” @ 


i WEATHERPROOF WIRE AND CABLES|$ 
HAS NO EQUAL 


American Insulated Wire & Cable Co. 


954 West 21st Street, Chicago 
ILILUUUULU.ULUUTUUUUOUULUUUUE UU TU 


UNUAQUQLOCNSUUUULAUAUUUCUOTVAVIULEUVANTUOT ODES YOUU OAEU CUTEST 
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BURNDY 


T-CONNECTORS 


Gravity lock makes 
them 
of bolt connections. 


independent 


Patents | || 
Pend’g 


LIGHT — DEPENDABLE 


BURNDY ENGINEERING CO. 
= 10 E. 48rd Street, New York 
Spann HULU UAL UU ir 
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ELECTRICAL WIRES 


AND CABLES 
WIRE STRAND 


WELDING WIRE 


John A. Roebling’s Sons Co. 


Trenton, New Jersey = 
AMM 


WIRE ROPE 


aj 


INSULATORS” 


The transparency of Hemingray Glass Insulators 

makes line inspection very simple. The lineman 

can tell at a glance whether the insulator is intact or not. 

Hemingray insulators are mechanically and dielectrically 

dependable, non-porous and uniform in structure. They 
defy moisture and age. 

Send for Bulletin No. 1. 


HEMINGRAY GLASS COMPANY 


Muncie, Indiana 


Journal ACS HAE 
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For Long Service Lite 
Specify | 
“Texas Black Beauty” 
Pressure Treated. Pine 
PILES — POLES 
TIMBERS — TIES 
SHEET “PIGING 


Texas C@reosoting Company 
Orange, Texas, U.S. A. 
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INSULATED WIRES 
DOLPHIN Insulated Wire 


A code wire of high quality known 
for its great dielectric strength and 
resiliency, and used for its dependability and maxi- 
mum service. Built on the same lines as the widely 
known and used ‘‘Triton’’—-Intermediate Grade 25%; 
and ‘‘Neptune’”—30% para. 


ATLANTIC Insulated Wire & Cable COMPANY 
Rome, N. Y. = 
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WIRE PRODUCTS | 


For Varied Applications 


We manufacture many types of wires, cords 
and cables for specific uses. Among them are: 


Rubber Covered Wire—Solid Conductor, Stranded 
Conductor, Flexible Conductor, Extra Flexible Conductor. 

Lamp Cords, Reinforced Cords, Heater Cord, Brew- 
ery Cord, Canvasite Cord, Packinghouse Cord, Deck 
Cable, Stage Cable, Border Light Cable, Flexible 
Armored Cable, Elevator Lighting Cable, Elevator Oper- 
ating Cable, Elevator Annunciator Cable. Switchboard 
Cables, Telephone Wire, Flameproof Wires and Cables, 
Railway Signal Wires, High Voltage Wires and 
Cables. Automobile Ignition Caoles, Automobile Light- 
ing Cables, Automobile Starting Cables, Automobile 
Charging Cables. Moving Picture Machine Cable. 


Boston Insulated Wire @ Cable Co. 


Main Office and Factory: 
Dorchester District Boston, Mass. 


Canadian Branch, Office and Factory, Hamilton, Ont. 


TVTVUOVUUUUVVOQUTUCUCUUUQUUOOITTOOT AAA LLUCUULULLLUULLLLLLLLLLLLLLLLLLLLL LL 
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An A.C. Watthour 
meter that for accuracy, 
efficiency and low cost 
up-keep is without a 
peer. Its design repre- 
sents perfection in every 
detail and central sta- 
tions are loud in their 
praises concerning its 
dependability. 


DUNCAN ELECTRIC MFG. CO. 


Lafayette, Ind. 
SMM 
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Duncan Mopet M2. 
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Forewarned Is 
_ Forearmed— 


Are your 
transformers 


“In the Boston Edison system operation on a tem- 
perature basis indicates a reduction of at least 10 
per cent in transformer capacity readily attain- 
able, with a similar decrease in annual losses.” 
Check your transformers with Bristol’s Recording Thermometers. 
Write for Bulletin BC-1202. 


The Bristol Company, Waterbury, Conn. 
Boston New York Detroit 
Philadelphia Chicago St. Louis 


San Francisco 
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Pittsburgh 
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Simpler— 
Stronger— 
Better— 


Installation K-P-F 
60 KV. Switches, 
San Joaquin Lt. & 
Pwr. Corpn., Calif. 


K-P-F POLE TOP SWITCHES consist of fewer 
parts, are more rugged and require less labor and 
material for installation than any other. 

Each pole becomes a self-contained unit. 
Switches are shipped ready to bolt on to cross 
arm in place of line insulator. 
One crossarm supports it. Contacts are far 
removed from insulators and a unique device 
prevents sticking or freezing. 


Send for bulletin K105 containing full details. 


K-P-F ELECTRIC CO. 
855-859 Howard St. San Francisco 


MMMM MMMM MMT TTT TL RU LUO LO 


| The Line that R.andI.E.Co. Builds: 


Steel Channel 
Forged Steel Rotor Shaft, 
Babbitted Bearing. No 
corrosive parts, Bearing 
protected from rain and 
sleet 


Base, 


R. & I. E, Interchange- 
able Insulator Units with 
Forged Steel Pins and 
Pressed Steel Caps. No 
clamps, no screws 


That holds the 


Laminated Copper Brush 
That carries Contact, completely cov 
the ered with a Sleet Hood and 


protected from all burning 
by Bronze Arcing Horns 


Truss Blade with adjust 
a able toggle contact block. 
e Simple clamp terminals 


R. & I. E. Horn Gap 
Switch. It is dependable 
and is. being successfully 
operated under all climatic 
and service conditions in all 


That makes up parts of the world. No Tor 
th sion or other undue strains 
e€ on the Insulator Units, A 


minimum number of moving 
parts, A 39” bolt is the 
smallest bolt employed in 
construction, 


Interchangeable Unit Air Break Horn Gap 
Switch that R. and I. E. Co. Builds 


R. & I. E. Interchangeable Insulator Unit Equipment for outdoor service includes 
Bus Supports, Disconnecting Switches Air Break Horn Gap Switches, Choke Coils, 
Fuse Holders, Lightning Arresters. Substation Combinations and Outdoor Steel Sub- 


stations. 
Manufactured by 


Railway and Industrial Engineering Co. 


Greensburg, Penna. 


Boston + Pittsburgh « Chicago ~ Cincinnati 


4 


Sales Offices in + New York - 


=| 
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ID 
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Coil 


The Compensating 
For D. C. Ammeters 


No heavy alloy shunt. 


Calibration accuracy. 


Economy and safety. 
Described in Bulletin 110. 


MINERALLAC FLECTRIC COMPANY 


1043 Washington Blvd., Chicago, Illinois 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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The Elements of Our Business 


; Bulletin 

‘Alarm, High and! Low Wiquid:Goevel sii. cc risuic cscs at oya/e, slacersi brats «aco 3610-3615 
Automatic Fire Pump Panels, Combined Hand and 

See Panels, Fire Pump). 
Automatic Starters (See Starters, Automatic). 
Automatic Transfer /S wWlbCHOS= sae sine islors vel oi oatars ote) alana ony susieiaty oie 5600 
Brakes; Magnetia.c. sisacmacrerc ea ciurciere tielsusie citen terenarcomiice yeaa era vivieve 9920 
Glrouit Breakers’... neces conde wick de eh tte sinc ei isin minevici acts 3800-3815 
Contactors (See Switches, Magnet). 
Control, eMacninie. Tools iiectiausreislersterstoralereqe cto tsuniereis ctegeicieyepaleterstelstetens 9000 
Controllers; le viabOr.cc asters: store severe atetelsisiaisreistsis ele) bisiais tie anit rey eintars 9999 
Flavator Controllers: oi. amvsheyevseie eis eho ornate ave. a, cls eee ee Hale APRs 9999 


Fire Pump Panels (See Panels, Fire Pump). 

PlOat SWITCH es sis, jas oie tes ct oe pete orcas nian NaN Tebes dale aiatetes Sage em 

Hand and Automatic Fire Pump Panels, Combined. 

(See Panels, Fire Pump). 

Hand Operated Switches..20 fant iia helnns ete ong. lint eens vane 3600 

Hand Starters (See Starters, Hand). 

High and Low Liquid Level Alarm Switches................. 3610-3615 
362! 

3610-3615 

3625 


3600-3625 


Tdicator, Level, Liquid Remotes occ: Secs cis ncivie es Fieye oie s ele 
Level, High and Low Liquid, Alarm Switch...................... 
TOVCL vENGICA LON AECGHIOUO Snr iere cia lelstereyc eres ckcheten ciate ere aretelpiesaisccialelo) STeis 
Highting Panels, Remote Control « <).c.<- operate ois exes sopoaie’s @ sestece pare 019 G 7100 
Low Levels, High and, Alarm Switches......................00-- 3610-3615 

9000 


Magnet Operated Valves 5700 
Magnet Switches, A. C. 7600 
Magnet Switches, D. C 7500 
Magnets. ...dic: vale 6500 
Manual Fire Pump Panels (See Panels, Fire Pump). 
Manual Starters (See Starters, Hand). 
PANEIS PECL SETA) tars ccosetelis cts sees sees elo 41a Legere Torsis) ofa ei oles oye aastarslsra sere .- 8800-8830 
Panels; Lighting; Remote Control erin, sis ses ete eremlcrals «bis 7100 
one he Regulator (See Pressure Regulator, also Panels, 

pecial. 
Panels Specials .tottet. toe tten cectetederciye. ws cteteie’e s, Sueccalavetenctar as sats <fere 5400-5423 
Pressure: Regulator, Gauge: Ty Deco ctseercceic- ave, oe sine ols oysie/e eke s)eieieie 4900-4902 


Pressure Regulator Panels (See Panels, Special). 
Regulator, Pressure (See Pressure Regulator). 


Regulators, Speed (See Speed Regulators). Bulletin 

Relay, TUMDIEL. .. ... css cece eve vanes seleer ee sare deen sane 7250 

Remote Controlled Lighting Panels............c0e+escceseeceees 7100 

Remote Controlled Speed Regulators (See Speed Regulators). 

Remote Liquid Level Indicator........+2-+--+2 ees eeee tes eeer eens 3625 

Remote Switches (See Switches, Remote, also Switches, Magnet). 

Self Starters (See Starters, Automatic). 

Solenoids (See Magnets). 

Solonoid Operated Valves. .....ce cece rece ter eee enssecsceserases 5700 

Special Panels (See Panels, Special). 

Speed Regulators.........00ccercceecewcssnrencnnctrsseureeses 8500-8520 

Starters, Automatic, A. C......cccccrerrnreccccerssrussecmesnns 5800-6200 

Starters; AUtOmatlo: civee <o.2.s 0s ale oo ctatete ale e+ + o\elem~ «iene aiaslatal emis 5300-5350 

Starters, FLAW... 5.cweleceye 0.01 oasis sonieees wales oa =o Sing sohous Mie eee: ae 83: 

Starters, Manual (See Starters, Hand). 

Sump Switches (See Switches, Float). 

Switches, Float 3600-3625 

Switches, Hand Operated...... aietaee ofa. 3600 

Switches, High and Low Liquid Level Ala 3610-3615 

Switches, Magnet, A. C.......---e+eeeee 7600 

Switches, Magnet, D. C..........2-ecseereess 7500 
7200-7250 


Switches, Remote (See also Switches, Magnet) . 
Switches, Sump (See Switches, Float). 
Switches, Tank (See Switches Float). 

Switches) Lime yey ce «a. c\0's ves eetarnedstatals ee feta wee orale Oe ae aa ae 6900 
Switches, Transfer, Automate. «$100 scas'ssece’= 6p oie s isin sseinie aie nm 5600 
Tank Switches (See Switches, Float). 


Terms: oo. G5 oS araars bebe fals Sis oloe bait walla qoisees sit ls pee = age 300 
Tim. Wehbe 5 5a Coke o aps, ota nn alo oie Sta Se ili 6900 
Transfer Switches, Automat snce. cae a. sors alata sta ltelens states ate tetas tans 5600 
Tumbler Rela yore iiss cela ce Ueto eis ete eke wieielnns, sete atid <P tatele 7250 
Valve Controls cco aiais siete sposaiesogecc mses oleh yas nyo mi sieiy ales) ain a a aie laial= 5700 
Valve, Magnet Operated... seccure sisyere state ins sie oe wisi sie oie = ie 5700 
Valve, Remote Controlled. saver ae ws vos s wate a let ofete a ateisiala wis aiale 5700 


WRITE FOR CATALOG 
SUNDH ELECTRIC COMPANY, NEWARK, N. J. 


Low densities in iron and copper, large 
cooling surfaces, liberal insulation and 
great mechanical strength are well known 
features which have made them so thor- 
oughly satisfactory in the field. 


Moloney Electric Company 
Main Office and Factories: 


St. Louis, Mo. 
Sales Offices in Principal Cities 


Please mention the JOURNAL of the A. I 
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Fine engineering, high class work- 
manship and excellent materials 
make more consistent performers 
out of — 


Moloney 


~ Transformers 


. E. E. when writing to advertisers. 
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Made by the 
Makers of 


ets. 


THE “MEG.” 


(4 actual size.) 


The scale, which is 3 in. long, reads directly from 0 to 100 
megohms. The hand generator develops a steady potential 
of 500 volts direct current. To operate: connect leads to 
the two terminals, turn the crank and read. 

The “Meg” stands 6% in. high and weighs 6 34 lbs 


Price: $135 net, f. 0. b. Philadelphia. 
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Bulletin No. AE-10 


April, 1924 
(Superseding issue dated July, 1923) 


ROLLER-SMITH 


Small Size Instruments 


Radio Control Panels 


Type TID (314” Diameter) 
Type TA  (314” Diameter) 
Type TAW (31,4” Diameter) 
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Type TAW, Base Flange Model 
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“GEM” Insulation Tester 


**«Megger’® Testing 
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With the ‘Meg’? anyone of ordinary intelligence 
can test, up to 100 megohms, the insulation resist- 
anee of generators, motors, transformers, cables, 
switchboards, wiring and other electrical apparatus. 


Progressive engineers everywhere are obtaining 
reliable information by means of this simple ‘‘Meg”’ 
test which insures them against unexpected failure 
due to weakened insulation of electrical apparatus. 


Among Central Station Operators and Construc- 
tion Engineers the ‘“‘Meg”’ is being used as a valuable 
supplement to our well-known ‘‘Megger” Testing 
Sets, which are built in ranges as high as 10,000 
megohms. (1 megohm= 1 million ohms.) 


And for private plants in Factories, Department 
Stores, Hotels, Office Buildings, etc. “Meg” testing 
is becoming common practice because it 1s a con- 
venient method by which the plant engineer can 
detect ‘‘eaks’’ and ‘grounds’ long before they 
become serious and can keep himself in close touch 
with the condition of his system. 


Our new Pocket Manual 1060: ‘Concerning 
Insulation Testing with special Reference to the Meg” 
contains valuable data on insulation and how to 
test it. Write for copy. 


JAMES G. BIDDLE 


1211-13 Arch Street Philadelphia 


Mii 
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NEW! 


An addition to the Roller-Smith 
Bulletin file—just off the press—full of 
data on the application of small in- 
struments to Radio Receiving and 
Transmitting Sets and Broadcasting 
Stations. 


A new and very useful instrument 
is shown on page 9. 


For your convenience 
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Request for Roller-Smith Bulletin AE-10. 
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An efficient 
pocket tool— 


O need to do without Slide 
rule when away from your 
desk. The 


5-inch 


“POLYPHASE DUPLEX” 
Slide Rule 


fits your vest or coat pocket and is 
as handy as your pencil or fountain 
pen. Of patented K&E Duplex type 
graduated on both sides. 


Folded Scales 


reduce number of settings to a mini- 
mum. For example, squares, cubes 
and roots, are read directly, with one 
setting. 

Saves so much time—costs so little 
that you cannot afford to be without 


Furnished in : 
handsome, one for your constant companion. 
sewed leather : ; : 
sheath. Price upon application 


KEUFFEL & ESSER CO. 


NEW YORK, 127 Fulton Street, General Office and Factories, HOBOKEN, N. 3. 


CHICAGO ST. LOUIS SAN FRANCISCO MONTREAL 
616-20 S. Dearborn St. 817 Locust St. 30-34 Second St. 5 Notre Dame St. W. 


Drawing Materials, Mathematical and Surveying Instruments, Measuring Tapes 


Low cost 
power transmission 


Morse Silent Chain Drives transmit 98.6% efficiency. 
Sustain this efficiency over the life of the drive. This 
remarkable performance and very high efficiency mean 
greater power, and substantial power saving. 


Morse Silent Chain Drives operate with maximum effi- 
ciency over short centers. This makes a very definite sav- 
ing of valuable space possible. 


Maintenance and up-keep are additional factors that enter 
into transmission costs. Morse Silent Chain cannot 
stretch, does not require treatment or constant dressing. 
In many instances the chain never has to be repaired in any 
way, shape, or form, the only attention required is timely 
lubrication. 


There is a Morse Engineer near you 


ATLANTA, GA. DENVER, COLO. 
BALTIMORE, MD. DETROIT, MICH. PITTSBURGH, PA. 


CHARLOTTE, N.C. NEW YORK CITY ST. LOUIS, MO. 


Please mention the JOURNAL of/the"A. I, E. E. when writing to advertisers 


esoILENT CHAIN DRIVES 


MORSE CHAIN CO., ITHACA, N.Y. 


PHILADELPHIA, PA. 


BOSTON, MASS. KANSAS CITY, MO. SAN FRANCISCO, CAL 


CHICAGO, ILL. MINNEAPOLIS, MINN. TORONT 
’ ’ ° O, Ont., C 
CLEVELAND, OHIO MONTREAL, Que., Can. WINNIPEG, Man Can 


2118-80 
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ROCK WOOD 


PAPER PULLEYS 


1. Reduce slippage 
2. Decrease belt tension 
3. Transmit more power 


4, Lower total cost of drive, 
due to narrower belts. 


Whenever you buy a pulley for a motor, get a Rock- 
wood Paper Pulley, the pulley that most every motor is 
equipped with when it leaves the factory. Rockwood 
is more than a pulley—it is pulley service! Order from 
your electrical dealer or direct from us. 


THE ROCKWOOD MFG. COMPANY 
1947 English Avenue INDIANAPOLIS, U.S.A. 


THE ROWAN A.C. STARTING SWITCH 


PUSH BUTTON OPERATED 
OIL IMMERSED 


FOR 
STARTING AND STOPPING SMALL SQUIRREL CAGE 
MOTORS THAT CAN BE THROWN ACROSS 


THE LINE 


OWAWN aw 0 
Gay Yoh YY) 
YA V) YY | Y Vy 


THE ROWAN CONTROLLER CO., BALTIMORE, MD. « 
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NVESTIGATION shows that forty 
seven and a half per cent of motor 
breakdowns are due to insulation failure 

because of lubricant leaking from sleeve & 

bearings. What a welcome advantage is 

found in the New Departure ball bearing, 


. 
Nan 


A. C. and D. C. Generators and Bulletin 402-1 
Motor-Generator Sets 


Write for Bulletins. 


te = | 
me THE AUTOMATIC RECLOSING 

Star Electric Motor Co. = os CIRCUIT BREAKER COMPANY 
= Miller St. and N. J. R. R. Ave.. Newark, N. J. = = sneer 50- COLUMBUS, OHLO 


g 50-Hp. Motor LUI Ss, O = 
ATT LL AMM 


which eliminates such occurrences entirely. 7 
In axle lighting generators of a railway pas- = 
senger coach one quart of oil has been suffi- e = 
= . . . =| 
cient lubrication for 120,000 miles of ot Shree = 
. Wirelest Use has! and simple en 
travel—over four times around the earth. lighes' Outs for call Quanc Mbining avs Set. 
; ConVenting Ne field, is gpitY USC and fo, U*Ctricity man’, MOVer a 
Other features by which New Departures Upon the Palized in Gemet® I aecomp UCR small hgh BEMeratey ete gene 
reduce motor maintenance expense are bering fh re a Toe ios eater 
unvarying air gap support, low starting rc ll esi PPS or The crank crankshat my nt = 
. . 5 . Which achie in th wungle Row uatur hed Xtende, Ounted on 
friction, cleanliness, compactness of design, e Dut 0 the fy a spacer retinal mane, ih 8 Monteaater a roUEh the gee 
and minimum attention. °F 0n the crankshsy fmm forest te pres ined te nc vs 
e "ing inne, teas Clampine o 
The New Departure Manufacturing Company Bainse the 7a\ 
Detroit Bristol, Conn. Chicago C 
| sere types: TF 34 © 
AAA DUO AMM pH LE CY | 
SUNTAN USED AUSTEN MTUVNUUUOTUAUUUUUUOCUOUUULUUUCUUNUACUULUUUUOLUILULLLULLLUGCLEEALLULLLO LOLOL TUUULUUVUTUTODI EDENTON ETT TTL BUTTTTUCUUUUUUUUOVOVTTTITTTUIUUUUTUUNUUUCUUCUUUUOOOOTOOOOTLUOLULCLLLLLLULLLLLLLLLLLLCLCUCccccocccocooo oO MTUNUUUUNTOQUUUUUNOOUUUUUUILUUUCUUUUULLULOLULLLLCOLLLULLLLUL LLL LLL 
= STAR = Motor 2 
E Ball Bearing Motors = Protection = 
= For All Purposes = cae Based on = 
= Horizontal—Vertical = Ne youn rae Motor = 
D. C. Interpole Motors = Paes # Temperature = 
for hard usage—l to 75 hp. = : 2 
Sparkl tati t = 18 = 
parkless commutation a = = 
all times. = Correct = 
A. C. Polyphase Motors — = = 
squirrel cage induction and = a = 
slipring—all cycles, 1 to = = 
75 hp., 110 to 550 volts. = J See 


ELECTRO 
DYNAMIC 
COMPANY 


BAYONNE, 
N. J. 


Sales offices 


Principal cities 
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Sturtevant Electric Motors 
iy —A. C. and D. C.; single 


oS and polyphase—built in 
sizes from small fractional 
to 250 horse-power—de- 
signed to operate under a 
constant full load where 
uninterrupted service is 


demanded. 


B. F: STURTEVANT COMPANY 
HYDE PARK, BOSTON, MASS. 
MMMM 
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“IRVINGTON” PRODUCTS 


Black and Yellow 


Varnished Cambric Varnished Paper 
Varnished Silk 
Flexible Varnished Tubing 
Insulating Varnishes and Compounds 


<‘Cellulak’’ Tubes and Sheets 


CUTTS 


IrnvIncTon VARNISH # Insutator © 
Irvington, NewJersey. 
—o 
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Sales Representatives in all principal cuties 
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THE SILSBEE 
CURRENT TRANSFORMER 
TESTING SET 


is a compact portable set for 
making precision tests of cur- 
rent transformers in position. 
Checks ratio and phase angle. 
Described in Bulletin 715F. 


UTTUUTTTUUT LUGE LIELUA LUCE LLLLU LL 


Journal A. I. HE. E. 


Su UIUUUUIUULUUAUOLULUUOUUUUU UU 


“AK” Variable Speed Motor for 


2 Printing Machinery E 
= Highest efficiency under 2 
= variable load. Wound = 
= for 25% overload. = 
E Push button control. 2 
= Fores, C. any cycles 
3 {n sizes 1/20 to5 H. P. = 
= é Modern, safe equipment = 
2 { for job or cylinder press. = 
= “a oe Write for complete information. 5 
= NORTHWESTERN ELECTRIC COMPANY = 
= Also Mfrs. of the new ‘‘Martin” Rotary Converter = 
= 409 So. Hoyne Avenue, Chicago, Ill = 
= Minneapolis—8 N. Sixth St. Kansas City, Mo.—1924 Grand Ave. = 
= oronto, Can.—308 Tyrell Bldg., 95 King St., E. = 
TMM MM UL 
2 
= We are pleased to quote = 
= prices and delivery on trans- = 
= formers singly or in quantity = 
_ Acme Apparatus Co. | 
: 198 Massachusetts Ave. = 
= Cambridge, 39, Mass. 2 
2 Transformer Engineers and Manufacturers = 
EMMI MM 
SMM UU 
Be SB eB Ss 2 SS Bs 
Bea 2 2 X& : 
= = = 2= Zz = = 
aS SSS Zz = 
A= BE BASZ ZS = 
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INDUSTRIAL-AGRICULTURAL-MUNICIPAL-RESIDENTIAL 


A TYPE FOR EVERY SERVICE 


Bulletins on Request 


THE GOULDS MANUFACTURING COMPANY 
Seneca Falls, N. Y. 


Agencies in all principal cities 
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2 ELECTRICAL Inspections — Tests — Research B 
= TESTING Tests may be used by the purchaser for the following purposes: = 
= (1) To determine the quality of competing samples. This b = 
= LABORATORIES of the best quality for the money. enables She hrc ase = 
= (2) To make sure that shipments comply with s ifi = 
= pecifications. This mak = 
= the assurance to the customer that shipments match huyingiceenleane a = 
= 80th Street and East End Ave. (3) To furnish an impartial decision in case of disputes between purchaser d = 
= NEW YORK manufacturer. ty = 
= Testing place the whole buying problem on a sound basis. = 
S = 


».  nmameonour 
bof mailing list 
= for bulletins %& 

and catalog? . 
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BrushCo., Inc. 


519 W. 38th St. 
New York 
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May 17, 1860 
A milestone in electrical 
history 


1860—a year of great moment for the 
world and industry: Planté—and the 
lead storage battery; Reis—and the 
telephone. 


And on May 17, 1860, Schuyler Skaats 
Wheeler was born—engineer, manu- 
facturer, author, inventor. To the 
brilliant mind and almost tireless 
energy of this electrical pioneer, can 
be traced a score of outstanding 
developments. 


Among the many inventions of Dr. 
Wheeler may be named the electric 
fire engine, series-multiple motor con- 
trol, and the paralleling of dynamos. 
In 1904, he received the John Scott 
medal of the Franklin Institute for 
inventing the electric fan. 


For the important role it has played 
in the electric motor industry, the 
Crocker-Wheeler Company is im- 
measurably indebted to the genius of 
this remarkable man,—one of its 
founders and, until his death on 
April 20, 1923, its president. 


CROCKER - WHEELER COMPANY 
AMPERE NEW JERSEY 
BALTIMORE CHICAGO NEW YORK 

BIRMINGHAM — CLEVELAND PHILADELPHIA 

BOSTON DETROIT PITTSBURGH 

BUFFALO NEW HAVEN SAN FRANCISCO 


Foreign Distributor: International Western Electric Co. 
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Have You Specified Weston 
Rectangular Instruments Yet? 


To the designer who faces immediate problems concerning 
densely settled communities or to the designer who is building 
with an eye to future needs, Weston instruments offer a real 
opportunity for better and less expensive switchboards. 
Here is a group of new instruments made by America’s 
pioneer instrument maker——whose instruments have earned 
a reputation with engineers the world over as the best 
obtainable. This new size, 534 in. wide, 6 in. high, and 414 
in. deep, is one that has received commendation everywhere. 
With these instruments, space requirements are radically 
reduced—in some cases by nearly one-half. Thus they allow 
more room for other devices while they cut down the space 
occupied by instruments. Mounting is standardized. In- 
stant readings are assured by wide scale openings. 


These new instruments have every advantage that is possible 
and are neat and compact. The new group is complete. 
Alternating Current 


Power Factor Meters and 


Ammeters, Voltmeters, 


It includes 
Wattmeters, Frequency Meters, 
Triplex Ammeters, and Direct Current Voltmeters and 


Ammeters. 


These instruments are of vital importance to all engineers 
and switchboard designers. 


Full information is contained in Bulletin 1504. 
Write for your copy today. 


Weston Electrical Instrument Co. 
48 Weston Ave., Newark, N. J. 


Please send us Bulletin No. 1504 on the New Weston 


Rectangular Instruments. 
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is so much 
better than a 
fused switch 
that it is in a 
class by itself 


ils 


Handbook just off the press 
send for it 
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IMPEDANCE BRIDGE __ 


Do You Guess 


at Values of 
INDUCTANCE and CAPACITANCE? 


Hardly necessary when it isso HASY to MEASURE, 
and measure accurately if you have a General Radio 
Co. Decade Bridge. 

This bridge has three resistance arms, two of which con- 
sist of four-dial decades, with a range of 0.1 to 1111 ohms. 
The Ayrton-Perry Method of winding produces units, the 
resistances of which are nearly independent of frequency. 

Mounted in a polished walnut cabinet, 

fitted with a copper shield to protect 

against outside electrostatic fields. 

PRICE $125. 
For use with this bridge— 

Standards of Inductance 
Standards of Capacitance 
Standards of Resistance 


All fully deseribed in Bulletin 404-E sent free on request. 


GENERAL RADIO CO. 


Manufacturers of 


RADIO AND ELECTRICAL LABORATORY APPARATUS 
Massachusetts Avenue and Windsor Street 
CAMBRIDGE 39 MASSACHUSETTS 
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Insulators 


made of 


Lava 


Will best answer your 
requirements for a 
heat resistant insulation. 


AMERICAN LAVA CORPORATION 
27-67 Williamson St. 
Chattanooga Tennessee 


Manufacturers of Heat Resistant Insulators 


AHIUUUQIVNVVQQ0Q000C0000CNVUOQOOQCUUOU AL EROOOESOOUUUOO OLA EDTERSOOOU OCCU ECODSAOT OCU EEEESOOO USAT 


Fe TTT TTLLLTLLUIMLLALLALALLLLALLLLLLLLLLLLLCCLLLLCLLOOULCGLLCOOLUCULHOUUCUOCUOOOUOUOLCUOUDOOUUUOUUUNOUULCUULOUOVLNOULLOUULNOUUUNOUUTOCUCNOUDCTTOUULOCUUUVTOUTVOUUUNOOUUOOOUUUGVUUUNOOUUNQUUUUNCOOUTUUTUOU UI 
ATTUTULASTLLLLLLLLLALLLLLLLLLS LLLLLLLLLLLLLLCOOLRLLLLLLLALLEACOUULLLULLLLLLAGEEOOOOCELULRUCCLLLLOOASOOULOLOULLLLUOAECCCCUUALUUUULUULLLLAGOAOOCAUCLLUULLLLLULLLLCAGOGAECUCUUUULLLOLLLUCLLALOOOCOCUUUULUOLUULLOUCCLLLLOCCUUUCUULLULLOLULDOCUAOOUCOQUU UT 


tT 
mul 


UUUUUTVTTUTTTTTTHAAATTTRTUUVTUUUHOMURUUOUUAARLUULUUUUCOUUOGAOAOLULLLUUOUUOOUAACULULLOUUUOOUHOOULUUOLOLUUOOAVULULUULOGGOAUUPLLUGGUEOUOLULULOLCOOHOOLUULUOUOGGORATLULLLDOOUUAUPLLOLOUOOPLLDLoood 


MARINE RULES 


{ue 


Recommended Practise for 
Electrical Installations on Shipboard 


HE Marine Rules have been drawn 
up to serve as a guide for the equip- 
ment of merchant ships with electrical 

apparatus for lighting, signaling, com- 
munication and power, but not including 
propulsion. They indicate what is con- 
sidered the best engineering practise with 
reference to safety of the personnel and 
of the ship itself, as well as reliability 
and durability of the apparatus. These 
rules are intended to supplement the 
STANDARDS of the A. I. E. E., which 
should be followed wherever applicable. 
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Linen covered, 97 pp., price, $1.00 per copy, with 
discount of 25% to members of the A. I. E. E., 
dealers, and purchasers of ten or more copies. 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street, New York 
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Tantalum metal forms an electrolytic valve 
when used in a cell with another electrode. 


It is n 


stitutes the basis of the Fansteel Balkite Battery 


ot attacked by acids. 


Tantalum con- 


Charger specially designed for radio use. 


Fansteel Products Company manufactures tan- 
talum in sheets, wires and rods. Other metals 
manufactured by the same company which may 
help solve electrical difficulties are molybdenum 
in sheets, wires and special shapes or tungsten 


contact 


points. 


Fansteel tungsten contact points have been 
standard of quality for eight years. 


FANSTEEL Propucts Company, INc. 
North Chicago 


Illinois 
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Bakelite eliminates 
assembling o 


ment of Bakelite 

Shaving Device 

(oe) Spring Valley, Ili 

ae labor, and expen 
BAKELITE 


| Condensite 
REDMANOL 


are the registered 
Trade Marks for the 
Phenol Resin Products 
manufactured under 
patents owned by 
BAKELITE 
CORPORATION 


improved. 
Pakelite Engineering 
gla | to cooperat> wit! 
new uses. 

Send for our 


Chicago Office: 63 


SIM TINA TT 
Please mention t 


By molding the case of this instru- 
, the Electrical 


sembling operations are eliminated 
and the various parts are combined 
into a compact unit. In addition, 
the avpearance of the caseis greatly 


BAKELITE CORPORATION 
247 Park Avenue, New York, NON: 


THE MATERIAL OF A THOUSAND USES] 


HATUTLUAIVOUUTVTVCUU ESE 


LUNA THAT 


perations 


Company, of 
nois, save time, 
se. Several as- 


Department will be 
1 you in developing 


Booklet D. 


6 West 22nd St. 


BAKER MANGANIN 


Sheet and Wire 


FOR HIGH GRADE SHUNTS 
AND COILS OF CONSTANT RESISTANCE 


ELEecrricaAL PROPERTIES 
Resistivity at 15° C. is approximately 50 ohms 
per cm. cube (about 300 ohms per cir- 
cular mil. ft.) 
Temperature Coefficient of resistance between 
15° and 30° C. is less than .00001 per ° C. 
Electromotive Force against Copper is 1.4 
microvolts per ° C. 


Platinum for every purpose 


Literature and quotations on request. 


BAKER & CO., INC., 


Refiners and Workers of Platinum, Gold and Silver 


NEWARK, N. J. 
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5000 Amperes A.C. for Your Tests 


Dy you need heavy alternating currents for testing 
purposes? A maximum of 5000 amperes may be 
obtained at 5 volts with the portable testing trans- 
former shown in the accompanying illustration—and 
the voltage may be varied from zero to its highest 
value in 1% steps. 


Ws 


The variation in delivered current is effected conveniently by 
means of a tapped auto transformer, controlled by two dial 
switches on the panel, one switch connecting to ten 10% taps and 
the other connecting to ten 1% taps. 


This transformer is designed principally for testing current trans- 
formers and was developed for use with the Silsbee current-trans- 
former testing set. The main transformer is good for 5000 
amperes output continuously, at 5 volts, 60 cycles, and is rated 
at 25 kv-a. The supply voltage is 220 volts. 
The flexibility and high current values of this transformer will make it a valuable 
adjunct to your laboratory. It typifies the special equipment, involving a diffi- 


cult transformer problem, we are prepared to design and construct. If your traas- 
former requirements are out of the ordinary, it will pay you to get in touch with us. 


The American Transformer Company 
176 Emmet Street, Newark, N. J. 


SPECIAL TRANSFORMERS FOR EVERY PURPOSE 
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A Good Formula— 


Specifications 4- Tests 


= Purchasing Efficiency 
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Price 
: Electrical Testing Laboratories 
: kNOW SOth Street and East End Avenue 
: — by test New York City 


Satta 
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Y-26 HIGH-HEAT MICA PLATE 


A FUNDAMENTALLY-NEW BUILT-UP MICA PLATE : 9 


For High-Temperature Insulation 


Non-hygroscopic, strong mechanically, can be cut, 
punched, etc. 


Supplied in large sheets, (24”x 42”), blanked-out pieces, 
any thickness ten mils or over. ! 


PREPESSP 


Y-26 HIGH HEAT MICA PLATE UNDER BLOW TORCH FLAME 
Write for Prices and Samples 


Other Products ———— 
PEERLESS STANDARDIZED MICA INSULATION 


India Moulding Plate Mica Cloth (sheets or rolls) 
India Segment Plate Mica and Paper Tape 
Amber Segment Plate Tubes, Bushings, etc. 


Amber Small Segment Plate Commutator Rings 
High-Heat Plate (Volatile _Commutator Segments 


Binder for heat units) Washers, etc. 
Flexible Mica Sheets ~ Y-26 High-Heat Mica Plate 
Mica and Paper Sheets Mica Lamp Shade Plate 


NEW ENGLAND MICA CO. 
: WALTHAM 54, MASS. 
Y-26 BLANKED FORMS New York Office - 220 Broadway 
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ROCKBESTOS PRODUCTS 
Peoeeer Or A Tt ON 


NEW HAVEN CONN. 


Western Office: 711 First National Bank Bldg., Chicago, Ill. 


Ear LULL LLLL 


ROCKBESTOS 


the asbestos covered wires 
For Heavy Duty Service 


Rockbestos magnet wire is particu- 
larly adaptable for motors that are re — 
called upon for heavy duty service. ae 


This motor, a Westinghouse type 
MC, drives a copper casting and 
conveying machine in a smelter. 


Under the extreme heat conditions 
existing ordinary wires would not 
stand up. 


We make asbestos covered 
wires for every purpose. 


ROCKBESTOS is used in winding 
Westinghouse Type MC motors 
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PUBLICATIONS 


JOURNAL. Published monthly. 


An engineering periodical containing technical papers and discussions thereon presented before 
meetings of the Institute and its Sections and Branches; descriptions of new developments charac- 
terized by notable advances, and items relating to the activities of the Institute. 

Subseription price: $10.00 per year. Agents, publishers and dealers are allowed 20 per cent 
discount; a special discount of 50 per cent is allowed on single subscriptions received directly from 
college or public libraries. Tihs . ; 

Postage to Canada on annual subscription $0.50 additional, and to foreign countries, $1.00. 
(Postage should not be included when computing discounts.) 


TRANSACTIONS. Published annually. 


Contains such of the technical papers and reports published by the Institute in the J OURNAL 
and elsewhere as are selected and authorized by the Publication Committee; also the discussions 
on the technical papers. The TRANSACTIONS form a permanent record of the progress of electrical 
engineering. ' 

~ Valiteae for years 1921 and 1922 may be purchased by non-members at $10.00 per year in 
either paper or cloth binding. Volumes covering the years 1902 to 1920 inclusive, may be 
obtained at reduced prices which will be quoted upon request. The 1919 edition of the 
Transactions is out of print, as are a number of the volumes for the years previous to 1902;-a 
price list of those available will be furnished upon application. ; ‘at. 

Members of the Institute may purchase the Transactions for 1921 and 1922 in cloth binding,, 
at prices of $3.00 and $2.00 respectively. Available back volumes published prior to 1921 may 
be obtained by members at a cost of $1.50 per book. : : 

College and public libraries are allowed a discount of 50% from non-member prices upon direct 
subscription to Institute headquarters; publishers and subscription agents, 20% from non-member 
prices. 


SEPARATE PAPERS AND DISCUSSIONS. 


Most of the recent papers and discussions contained in the TRANSACTIONS can be furnished 
separately at the following prices: Single copies of any paper, usually with discussion, $0.50. 
Five or more copies of any paper, each $0.40. 

Discount of 20 per cent allowed to publishers and subscription agents; 50 per cent is allowed 
from the above prices to Institute members and college and public libraries. 


STANDARDS. 


Gives definitions of electrical terms, technical data, standard performance, specifications for 
tests of electrical machinery, standard voltages and frequencies, and general recommendations as 
adopted by the Standards Committee and approved by the Board of Direetors of the A. I. E. E. 
Edition of 1922. It also contains, as an appendix, the rules for electrical machinery of the Inter- 
national Electrotechnical Commission, adopted in October 1919. Price per copy, flexible cover, $2.00. 

Discount of 25 per cent allowed to members, libraries, publishers, subscription agents, and 
purchasers of ten or more copies. 


MARINE RULES. 


Recommended practise for electrical installations on shipboard. Drawn up to serve as a guide 
for the equipment of merchant ships with electrical apparatus for lighting, signalling, communi- 
cation and power, but not including propulsion. The rules indicate what is considered the best 
engineering practise with reference to safety of the personnel and of the ship itself, as well as 
reliability and durability of the apparatus. The Marine Rules are intended to supplement the 
Standards of the A. I. E. E., which should be followed wherever applicable. Edition of 1921. 
Price per copy, flexible linen cover, $1.00. 

Discount of 25 per cent allowed to members, libraries, publishers. subscription agents, and 
purchasers of ten or more copies. 


YEAR BOOK. 


_ A directory, published annually in March, of the membership of the A. I. E. E. Gives in alpha- 
betical order, the names, occupations and addresses of all members. The membership is also listed 
in geographical order. The Year Book contains general information regarding the scope and 
activities of the Institute, including the Constitution and By-Laws, lists of Sections and Branches 
the various committees, governing body, ete. Edition of 1924. Price per copy, linen cover, $2.00. 

Discount of 20 per cent to publishers and subscription agents; 50 per cent to college and 
public libraries. Single copies will be supplied to members without charge upon application. 


American Institute of Electrical kngineers 
33 West Thirty-ninth Street, New York, N. Y. 
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ADVERTISEMENTS 


RATES. Forty cents per line; minimum charge 
based on use of five lines; maximum space cannot 
exceed twenty lines. 


Hunt 
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Copy should be received by the 15th of the 
month, for insertion in the following issue. 


PRACTICAL TRANSFORMER BUILDER 
WANTED: One having experience in winding, im- 
pregnating, ete., particularly on current transformers 
and small potential transformers. Address Class 112, 
Journat of A. I. E. E., 33 West 39th St., New York. 


WANTED: TECHNICAL MAN experienced in 
selling to organize and take charge of steel pole selling 
department of Central Western steel manufacturing 
company. Only man with excellent qualifications 
need apply, stating salary desired. Address Class 110, 
Journat of A. I. EB. E., 33 West 39th St., New York. 


WANTED: ELECTRICAL ENGINEER. Promi- 
nent Brooklyn educational institution has good open- 
ing in electrical department for graduate electrical 
engineer with a few years’ practical experience. Initial 
salary $1800 to $2000 for 9 months school year be- 
ginning September 17. Give education, practical 
experience, teaching experience, if any, religious 
affiliation and photograph. Address Box 223, Temple 
Court, New York. 
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WANTED: ELECTRICAL DESIGNERS. WE 
WANT ELECTRICAL DESIGNING ENGI- 
NEERS WHO HAVE HAD A TECHNICAL 
EDUCATION AND WHO ARE EXPERIENCED 
IN POWER STATION DESIGN. THESE ARE 
WORTH WHILE POSITIONS AND YOUR 
ADVANCEMENT WILL DEPEND UPON YOUR 
OWN EFFORTS AND ABILITY. IN WRITING 
PLEASE STATE EXPERIENCE, SALARY 
EXPECTED, AND DATE AVAILABLE, SEND- 
ING LETTER TO ENGINEERING DRT 
STONE & WEBSTER, INC., 147 MILK ST., 
BOSTON, MASS. 
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RESEARCH NARRATIVES NOW READY. The 
book of fifty Research Narratives compiled by ENat- 
NEERING FounpATION is ready for distribution. Con- 
tains five minute stories of Research, Invention and 
Discovery told by the scientists and engineers who did 
the work, men of international reputation. An attrac- 
tively printed bound book of about 100 pages. Fifty 
cents per copy: Entertainment, instruction, inspiration 
for engineers, executives, students—the young and those 
who are still young in interest—anybody and every- 

body of intelligence. Not too large for a coat pocket 

or a brief-case, if you read on trains. Please address 
your requests and remittances to Engineering Founda- 
tion at 29 West 39th Street, New York. 
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Ready Early in June 


Storage Batteries 


By GEORGE W. VINAL 
Physicist, Bureau of Standards 


A book for every one in the electrical 
profession who uses or is interested in any 
way in storage batteries. The engineers 
of several battery and other companies 
interested along this line have cooperated 
in the preparation of this volume. 

The physical and chemical facts and 
theories about storage batteries are pre- 
sented, together with a description of the various 
applications. 

402 pages. 6 by 9. 156 figures. Cloth, $4.50. 


JUST PUBLISHED! 


Electrical Engineering Practice 
Fourth Edition, Revised and Enlarged 
By J. W. MEARES, M.I.E.E., AND 
R. E. NEALE, A.M.I.E.E. 

This book, written by two eminent English engineers, 
has met with great success having been through three 
editions in eight years. It is a practical treatise for 
Electrical, Civil, and Mechanical Engineers, standing 
midway between the handbook aad the highly technical 
works written for specialists in various branches of 
electrical engineering. 

American practice is by no means neglected. 

The authors have succeeded admirably in their 
endeavor to prepare a work which is severely practical 
throughout. Every American engineer whose work 
takes him at all into the field of Electrical Engineering 
will find this a valuable book for reference purposes. 


584 pages. 514 by 814. 124 figures. Cloth, $6.00. 


Handbook for Electrical Engineers 
Second Edition, Thoroughly Revised and Enlarged 
HAROLD PENDER, Editor-in-Chief 

A prominent engineer, speaking of handbooks in 
general, said, ‘“‘The best one I have seen in any 
branch of Engineering is Pender’s ‘Handbook for 
Electrical Engineers.’ ” 


Genuine Leather, $7.00. “‘Atholeather,’’ $6.00 


Any of these books will be sent on Free Examination 
terms. Mail the coupon TODAY. 


WILEY FREE EXAMINATION COUPON 


John Wiley & Sons, Inc., 
440 Fourth Avenue, New York City. 


Gentlemen: Kindly send me the following books for 10 days free 
examination: : 


I agree to remit the price of the books within 10 days after their 
receipt or return them postpaid, in good condition. 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in the Fields of Engineering, and Related Arts and Sciences 


Established 1857 


ALEXANDER & DOWELL 


Attorneys at Law 


PATENT, TRADEMARK AND 
COPYRIGHT CASES 


902 F Street, N. W. Washington, D. C. 


AMBURSEN DAMS 
Hydroelectric Developments 
Water Supply and Irrigation Dams 
DAMS ON DIFFICULT FOUNDATIONS 


AMBURSEN CONSTRUCTION CO. 
Incorporated 
Grand Central Terminal, New York 
Kansas City, Mo. Atlanta, Ga. 


Tue AMERICAN APPRAISALCO. 
Valuations and Reports 


of 
Public utility, industrial 
and all other properties 


Rate Cases Condemnation Suits 
Reorganizations Liquidations 
NEW YORK MILWAUKEE 
1896 And Principal Cities 1922 


THE ARNOLD COMPANY 


Engineers 
Constructors 
Civil - - 
CHICAGO 
105 So. La Salle St. 


Electrical - - Mechanical 


W. S. BARSTOW & CO. 


Incorporated 
Consulting and 
Construction Engineers 


Public Service Properties 
Financed and Managed 


50 Pine St., New York. 


BATTEY & KIPP 


Incorporated 
ENGINEERS 


Complete Industrial Plants 
Power Plants & Electrical Installations 
Engineering Reports, Analyses & Appraisals 


123 W. Madison Street 


CHICAGO 


A. R. CHEYNEY, Engineer 


Examinations—Reports 
Design—Construction— Management 
Industrial and Public Service 
Power Plants 
Mechanical—Electrical Systems 
Auto Transportation 


MILLS BLDG. WASHINGTON, D. C. 


No larger space than this 
box may be used by any 
the 


Directory. 


one advertiser in 


Engineering 


WALTER G. CLARK 


Consulting Engineer 
Electrical, Mining and Industrial 
Reports 
Supervision of Organization and Arrange- 
ments for Financing 


8 WEST 40th STREET NEW YORK 


EDWARD E. CLEMENT 
Fellow A. I. E. E. 


Attorney and Expert 
in Patent Causes. 
Soliciting, Consultation, Reports, 

: Opinions 


McLachlen Bldg. Washington, D. C. 
700 10th St., N. W. 


DAY & ZIMMERMANN, Inc. 


Engineers 
Power Plants, Sub-Stations, 
Transmission Lines, Industrial Plants 
Examinations and Reports, Valuations, 
Management of Public Utilities. 


1600 WALNUT ST., PHILADELPHIA 
New York Chicago 


ROBERT E. DENIKE, Inc. 


Electrical Engineers 
and Constructors 


NEW YORK CITY 


The cost of a professional 

card in this Engineering 

Directory 1s $40 per year 
—12 issues. 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers 


MONADNOCK BUILDING CHICAGO 


FREYN,BRASSERT & COMPANY 
Chicago Philadelphia 
Consulting and Constructing 

Engineers ~ 


Gas, Steam and Hydroelectric Power Plants 
Electrification of Rolling Mills 
Fuel, Oil, Tar, Gas Combustion Engineering 
Design and Construction of 
Electric Furnace Installations 


FORD W. HARRIS 


Fellow A. I. E. E.,. Member A. S. M. E. 
Member bar of Supreme_Court 


PATENTS 
Soliciting, Reports, and Litigation 


HIGGINS BUILDING LOS ANGELES 


Fellow A. I. E. E. 


Member A. S. M. E. 


W. N, DICKINSON 


Consulting Analyst 


BUSINESS AND ENGINEERING 
PROJECTS ANALYZED 


Aeolian Hall, 33 W. 42nd St., New York City 


DAVID V. FENNESSY 


Consulting Power Engineer 


MILLS BUILDING 


EL PASO, TEXAS 


Edward F. Croker 
Ex-Chief N. Y. 
Fire Dept. 


Chas. W. Mitchell 
Electrical 
Engineer 


FIRE PROTECTION ENGINEERS 


Fire Alarm Engineers & Contractors 
Fire Drills, Fire Appliances and Equipment 


22 W. 30th St. New York, N. Y. 


FORD, BACON & DAVIS 


Incorporated 
ENGINEERS 


115 Broadway, New York 


Philadelphia Chicago San Francisco 


WILLIAM S. HIGBIE 


Electrical Engineer 


ENGINEERING AND PURCHASING 


SERVICE 
Design—Manufacture—Construction 
Own Shops 
Own Yard for Handling 


114 LIBERTY ST. NEW YORK CITY 


Dugald C. Jackson 
Edward L. Moreland 


JACKSON & MORELAND 
CONSULTING ENGINEERS 


387 Washington St. Boston, Mass. 


E. S. LINCOLN, INC. 


Consulting Electrical Engineers 


Designs Investigations Reports 


Electrical Research Laboratory 


534 Congress St. PORTLAND, MAINE 


J. N. MAHONEY 


Consulting Engineer 
Fellow A.I. E.E. Mem. Am. Soc. M. E. 
Design, Supervision, Specifications, Reports 
Specialist in Electrical Power Switching and 
Protective Equipment, Industrial and 
Railway Control and Brake 
Equipmert 
615-77th STREET BROOKLYN, N. Y. 
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MCCLELLAN & JUNKERSFELD 


Incorporated 


Engineering and Construction 


Power Developments—Industrial Plants 
Examinations — Reports — Management 


NEW YORK 
68 Trinity Place 
Philadelphia 


Chicago St. Louis 


MINCHO & PHILLIPS 


CONSULTING 
Electrical and Mechanical 
ENGINEERS 


80 Church Street New York 


W.E. MOORE & CO. 


Engineers 


Plars and Specifications for 


Hydroelectric and Steam Power Plants 
Industrial Plants and Electric Furnaces 


Union Bank Building Pittsburgh, Pa. 


iT 


N. J. NEALL 


Consulting Engineer 
for 
Electrical and Industrial Properties 


BOSTON, MASS. 


12 PEARL STREET 


NEILER, RICH & CO. 


Electrical and Mechanical 
Engineers 


Consulting, Designing and 
Supervising 


Chicago 


Manhattan Building - 


Dene eee En | 


OPHULS & HILL, Inc. 


Formerly Ophuls, Hill & McCreery, Inc. 
CONSULTING ENGINEERS 


112-114 WEST 42nd ST., NEW YORK CITY 


Ice Making and Refrigeration 
Investigations and Reports 


—— 


PUBLIC SERVICE 
PRODUCTION COMPANY 


Engineers and Constructors 
Design and Construction of Power Plants, 
Substations and Industrial Plants. 
Examinations and Reports, Valuation and 
Management of Public Utilities 


80 PARK PLACE NEWARK, N. J. 


To be printed in the following 
issue, copy for cards must be 
received by the 15th of the month. 
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DWIGHT P. ROBINSON 
& COMPANY 


Incorporated 
Design and Construction of 
Power Developments, Electric 
Railways, Industrial Plants 


_ 125 East 46th Street, New York 
Chicago Atlanta Youngstown Philadelphia 
Los Angeles Montreal Rio de Janiero 


SANDERSON & PORTER 


Engineers 
Reports Designs 


Construction 


Management 
Hydroelectric Developments 
Railway, Light and Power Properties 


Chicago New York San Francisco 


SARGENT & LUNDY 


Incorporated 


Mechanical and Electrical 
Engineers 


1412 Edison Bldg., 72 West Adams Street 
CHICAGO, ILLINOIS 


SESSIONS ENGINEERING 
CO. inc. 


ENGINEERS & CONSTRUCTORS 


Steam Appraisals 
Electric — Plants — Surveys 
Hydro Reports 


LUMBER MILL LAYOUTS 
208 S. LASALLE ST. CHICAGO 


FREDERICK G. SIMPSON 


Electrical Engineer 


Reports, Designs, Specifications. 
Electric Power 


an 
Industrial Developments. 
RADIO COMMUNICATION SYSTEMS, 
Telegraph and Telephone. 
3301 L. C. Smith Bldg. Seattle, Wash. 


JOHN A. STEVENS 


ENGINEER 


8 Merrimack Street 


LOWELL MASSACHUSETTS 


NT 


STEVENS & WOOD INC. 


Design Finance Construct 


Power Plants, TransmissionSystems, Hotels, 
Apartments, Office and Industrial Buildings. 
Railroad Electrification 


Management of Public Utilities 
Mahoning Bank Bldg. 120 Broadway 
YOUNGSTOWN, 0. NEW YORK CITY 


a 


William M. Stockbridge Victor D. Borst 


STOCKBRIDGE & BORST 


Patent Lawyers 


NEW YORK CITY 


41 PARK ROW 


Mii 


STONE & WEBSTER 


Incorporated 
Examinations Reports Appraisals 
on 
Industrial and Public Service 
Properties 
NEW YORK BOSTON CHICAGO 


PERCY H. THOMAS 
Consulting Engineer 
ELECTRIC POWER 


Generation - Transmission 
Applications 
120 BROADWAY 


NEW YORK 


UNITED GAS & ELECTRIC 
ENGINEERING CORPORATION 
Engineers Management 
Construction Appraisals 

Reports, Estimates and Specifications 

Now supervising the Engineering 


and Operation of 32 Public Utility 
Properties located in 12 states 


61 BROADWAY NEW YORK CITY 


VIELE, BLACKWELL & BUCK 


Engineers 


Designs and Construction 


Hydroelectric and Steam Power Plants 


Industrial Plants 
Appraisals 


NEW YORK 


Transmission Systems 
Reports 


49 WALL STREET 


THE J. G. WHITE 


ENGINEERING CORPORATION 


Engineers—Constructors 


Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 
TransmissionSystems, Hotels, Apartments, 
Office and Industrial Buildings, Railroads. 


43 EXCHANGE PLACE NEW YORK 


GARDNER S. WILLIAMS 


Mem.Am.Inst.Cons.Eng. Mem.Am.S.C.E. 
Consulting Engineer 


Hydroelectric Developments 
Investigations and Reports 


Cornwell Bldg. ANN ARBOR, MICH. 


EEE! 


EUGENE C. WOODRUFF, Ph.D. 
Member A.J.E.E. and A.E.R.A. 
Fellow A.A.A.S. 


Electric Railway Engineering 
Automobile Engineering 


STATE COLLEGE PENNSYLVANIA 


J. G. WRAY & CO. 


Engineers 
J. G. Wray, Fellow A.IE.E. Cyrus G. Hill 


Utilities and Industrial Properties 


Appraisals Construction Rate Surveys 
Plans Organization Estimates 
Financial Investigations Management 


1217 First National Bank Bldg., Chicago 


he A. I. E. E. when writing to advertisers. 
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ADVERTISING SECTION 


Journal A. I. H. HE. 


Classified Advertiser’s Index for Buyers 


Manufacturers and agents for machinery and supplies used in the electrical and allied industries. 
Note: For reference to the advertisements see the Alphabetical List of Advertisers on page 64. 


AIR COMPRESSORS : é 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 


AIR WASHERS 
Spray Engineering Co., Boston 
Sturtevant Company, B. F., Boston 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETERS, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


BATTERY CHARGING APPARATUS 
Cutler-Hammer Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

BEARINGS, BALL 
New Departure Mfg. Co., The, Bristol, Conn. 
Norma Co. of America, L. I. City, N. Y. 

S K F Industries, New York 
Strom Ball Bearing Mfg. Co., Chicago 


BOOKS, TECHNICAL 
Wiley & Sons, Inc., John, New York 


BOXES, FUSE 
General Electric Co., Schenectady, N. Y. 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

BOXES, JUNCTION 
G & W Elec. Specialty Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 
Standard Underground Cable Co., Pittsburgh 


BRAKES, CAR . 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y. 


BRUSHES, COMMUTATOR 
Carbon 
Morganite Brush Co., Inc., New York 
National Carbon Co., Inc., Cleveland, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Copper Graphite 
Morganite Brush Co., Inc., New York 
National Carbon Co., Inc., Cleveland, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
BUS BAR FITTINGS 
Burndy Engineering Co., New York 
Champion Switch Co., New York 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
CABLE ACCESSORIES 
Dossert & Co., New York 
Electrical Develop. & Machine Co., Phila. 
G & W Electric Specialty Co., Chicago, III. 
General Electric Co., Schenectady, N. Y 
Minerallac Electric Co., Chicago 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


CABLES 
(See WIRES AND CABLES) 


CABLEWAYS 

Roebling’s Sons Co., John A., Trenton, N. J. 
CAMBRIC, VARNISHED 

Belden Mfg. Co., Chicago 

Irvington Varnish & Ins. Co., Irvington, N. J. 
CARBON BRUSHES 

(See BRUSHES COMMUTATOR) 


CHAINS, POWER TRANSMISSION 
Morse Chain Co., Ithaca, N. Y. 
CIRCUIT BREAKERS 
Automatic Reclosing Circuit Breaker Co., 
. _ Columbus, O. 
Condit Electrical Mfg. Co., S. Boston, Mass. 
Cutter Co., The, Philadelphia, Pa. 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Sundh Electric Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
CLEAT TYPE INSULATORS 
Electrical Develop. & Machine Co., Phila. 
CLUTCHES, MAGNETIC 
Cutler-Hammer Mfg. Co., Milwaukee 
COILS, CHOKE 
Champion Switch Co., New York 
General Electric Co., Schenectady, N. Y. 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
COILS, MAGNET 
Acme Wire Co., New Haven, Conn. 
Belden Mfg. Co., Chicago, Ill. 
Dudlo Mfg. Co., Ft. Wayne, Ind. 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
COMPARTMENT DOORS 
Electrical Develop. & Machine Co., Phila. 


CONDENSATION PRODUCTS 
Bakelite Corporation, New York 
Condensite Co. of America, Bloomfield, N. J. 
General Bakelite Co., New York ; 
Redmanol Chemical Products Co., Chicago 


CONDENSERS . 


Steam 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Radio . 


General Instrument Corp., New York 
General Radio Co., Cambridge, Mass. 


CONDUIT, UNDERGROUND FIBRE 
Western Electric Co., All Principal Cities 


CONNECTORS, SOLDERLESS 
Dossert & Co., New York 
Frankel Connector Co., Inc., New York 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONNECTORS AND TERMINALS 
Belden Mfg. Co., Chicago 
Dossert & Co., New York 
G & W Electric Specialty Co., Chicago, Ill. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pittsburgh 


CONTACTS, TUNGSTEN : 
Fansteel Products Co.,Inc., North Chicago, III. 
General Electric Co., Schenectady, N. Y. 


CONTROLLERS 
Cutler-Hammer Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Rowan Controller Co., Baltimore 
Sundh Electric Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


CONVERTERS 
Allis-Chalmers Mfg. Co., Milwaukee 
Northwestern Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


COOLING PONDS 
Spray Engineering Co., Boston 


COPPER CLAD WIRE 
Belden Mfg. Co., Chicago 
Copperweld Steel Co., Rankin, Pa. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


CUT-OUTS 
Condit Electrical Mfg. Co., S. Boston, Mass. 
General Electric Co., Schenectady, N. Y. 
G & W Electric Specialty Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


DRAWING MATERIALS 
Keuffel & Esser Company, Hoboken, N. J. 


DYNAMOS 
(See GENERATORS AND MOTORS 
ELECTRIFICATION SUPPLIES, STEAM 
ROAD 


General Electric Co., Schenectady, N. Y. 
Ohio Brass Co., Mansfield, Ohio 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
ENGINEERS, CONSULTING AND CON- 
TRACTING 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 
ENGINES 


” Gas & Gasoline 
Allis-Chalmers Mfg. Co., Milwaukee 


Oi 
Allis-Chalmers Mfg. Co., Milwaukee 
Steam 


Allis-Chalmers Mfg. Co., Milwaukee 


FANS, MOTOR 
Century Electric Co., St. Louis 
General Electric Co., Schenectady, N. Y. 
Star Electric Motor Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
eee Elec. & Mfg. Co., E. Pitts- 
urg 


FARM LIGHTING GENERATORS 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
FIBRE 
Belden Mfg. Co., Chicago 
National Vulcanized Fibre Co., Wilmington 
Del. ‘ 
FURNACES, ELECTRIC 
General Electric Co., Schenectady, N. Y. 


Westinghouse Elec. & . i 
oe Mfg. Co., E. Pitts- 


FUSES 
Enclosed Refillable 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Enclosed Non- Refillable 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 


Open Link 
General Electric Co., Schenectady, N. Y. 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 


High Tension 
Metropolitan Device Corp., Brooklyn, N. Y. 
Railway & Industrial Engg. Co., Greens- 
. burg, Pa. ee 
Western Electric Co., All Principal Cities 


GEARS, FIBRE 
General Electric Co., Schenectady, N. Y. 
National Vulcanized Fibre. Co., Wilmington, 
Del. 


GENERATORS AND MOTORS ; 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Century Electric Co., St. Louis, Mo. 
Crocker-Wheeler Co., Ampere, N. J. 
Electro-Dynamic Co., Bayonne, N. J. 
General Electric Co., Schenectady, N. Y. 
Northwestern Electric Co., Chicago 
Star Electric Motor Co., Newark, N. J. 
Sturtevant Company, B. F., Boston, Mass. 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


GENERATING STATION EQUIPMENT 
Allis-Chalmers Mfg. Co., Milwaukee 
Electrical Develop. & Machine Co., Phila. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


GROUND RODS 
Copperweld Steel Co., Rankin, Pa. 
Western Electric Co., All Principal Cities 


HEADLIGHTS 
Ohio Brass Co., Mansfield, O. 


HEATERS, INDUSTRIAL 
Cutler-Hammer Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INDICATORS, LOAD 
Dean Ltd., Payne, Stamford, Conn. 


INDICATORS, SPEED 
Biddle, Tames G., Ph ladelphia 
Roller-Smith Co., New York 


INSTRUMENTS, ELECTRICAL 
Graphic 
Biddle, James G., Philadelphia 
Bristol Co., The, Waterbury, Conn. 
Ferranti, Ltd., London, Eng. 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Indicating 
Ferranti, Ltd., London, Eng. 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Weston Elec. Inst. Co., Newark, N. J. 


. Integrating 
Biddle, James G., Philadelphia 
Duncan Elec. Mfg. Co., Lafayette, Ind. 
Ferranti, Ltd., London, Eng. 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Sangamo Elec. Co., Springfield, Ill. 
States Co., The, Hartford, Conn. 
Western Electcic Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Radio 


Acme Apparatus Co. Cambridge Mass. 
General Instrument Corp., New York 
General Radio Co. Cambridge, Mass. 


Repairing and Testing 
Electrical Testing Laboratories, New York 
_._ Scientific, Laboratory, Testing 
Biddle, James G., Philadelphia 
General Electric Co., Schenectady, N. Y. 
Recs Spores Sk Philadelphia 
etropolitan Device Corp., Brooklyn, N.QY. 
Roller-Smith Co., New York ea 
States Co., The, Hartford, Conn. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


urg 
Weston Elec. Inst. Co., Newark, N. J. 


Telegraph 
Western Electric Co., All Principal Cities 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


with Cutler-Hammer Controllers. 


Rugged C-H Drum 


Controllers 


Ideal for Crushing and Cement Plant Service 


The Kelley Island Lime & Transport Co. had sev- 
eral important ideas in mind when planning their new 
plant at Marblehead. They wanted the best, most 
modern, and safe plant possible. They have gone the 
limit in the way of installing equipment that will insure 
smooth and uninterrupted operation. Accessibility of 
all machinery was demanded. 

The heavy, rugged, and simple construction of C-H Drum 
Controllers—theaccessibility ofall parts—the longlife—are fac- 
tors that make them so successful where the service is severe. 

The straight line non-stubbing fingers are a standardized 
part used on many types of C-H Control Apparatus. The 
square metal shafts are all alike, as are the handles, top and 
bottom plates, cylinders carrying the contact segments. 

The non-stubbing finger construction is responsible for the smooth 
movement permitting the operator to distinctly feel all points on the 
xtar wheel. 

Strong magnetic blowouts quickly extinguish arcs and the C-H 
Pyroplax (fire-proof) arc shields are hinged to allow ready access to 
controller parts. There are no moving leads—and no wooden parts 


are used. 
Cutler-Hammer Motor Control apparatus 1s made for every electric 


rnotor service and engineers are ready to consult with motor manufac- 


turers, industrial plant executives and engineers, and machinery builders 


with the idea ofgetting the utmostin returns from motor-driven machinery. 


THE CUTLER-HAMMER MFG. CO. 
Motor Control Department 
Works: MILWAUKEE and NEW YORK 
Offices and Agents in Principal Cittes 
Northern Electric Co., Ltd., Can. 


CUTLER-HAMMER 


Please mention the JOURNAL of the A. 
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C-H Drum Type Controllers used for BAe fae 

y g the specd 
of the Allis‘Chalmers Motors driving screens—in Sushike 
plant, Kelley Island Lime & Transport Co., Marblehead, 
Ohio. The passenger and freight elevators are also equipped 


I. E. E. when writing to advertisers. 


C-H Drum Type 
Controllers are ty pi- 
cal of Cutler-Ham- 
mer designing and 
manufacturing meth- 
ods—the marks of 
careful workmanship 
being readily ap- 
parent. 

There is probably 
no other controller 
that is so universally 
recognized as being 
in a class by itself. 
There is probably 
no type of manually 
operated starting and speed regulating con- 
troller that is so universally satisfactory 
from every standpoint. 


Made for both direct and alternating 
current systems. 


Sea, 


The entire set of fingers can be taken out 
by removing two bolts, while the com- 
plete cylinder carrying the contact seg- 
ments may be taken out through the top 
of the controller. 
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ADVERTISING SECTION 


Journal A. I. E. E. 


Classified Advertiser’s Index for Buyers—Continued 


INSULATING eh ee 


ot 
Irvington Varnish & Ins. Co., Irvington, N. J. 
Minerallac Electric Co., Chicago : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Composition 
American Lava Corp., Chattanooga, Tenn. 
Bakelite Corporation, New York 
Belden Mfg. Co., Chicago 
Condensite Co. of America, Bloomfield, N. J. 
Cutler-Hammer Mfg. Co., Milwaukee 
General Bakelite Co., New York } 
Redmanol Chemical Products Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Compounds 
Minerallac Electric Co., Chicago __ 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Fibre 
National Vulcanized Fibre Co., Wilmington, 
Del. 


Lava 
American Lava Corp., Chattanooga, Tenn. 


Mica 

New England Mica Co., Waltham, Mass. 
Paper ; 

Irvington Varnish & Ins. Co., Irvington, N. J. 


Silk 
Irvington Varnish & Ins. Co., Irvington, N. J. 

Tape 
Belden Mfg. Co., Chicago — 
Minerallac Electric Co., Chicago 
Okonite Co., The, New York mn 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 
Varnishes 

General Electric Co., Schenectady, N. Y. 
Irvington Varnish & Ins. Co., Irvington, N. J. 
Minerallac Electric Co., Chicago 


INSULATORS, HIGH TENSION 
Composition 
General Electric Co., Schenectady, N. Y. 
Glass 
Hemingray Glass Co., Muncie, Ind. 
Porcelain 
General Electric Co., Schenectady, N. Y. 
Illinois Elec. Porcelain Co., Macomb, IIl. 
Jeffrey-Dewitt Insulator Co., Kenova, W. Va. 
Lapp Insulator Co., Inc., LeRoy, N. Y 
Locke Insulator Corp., Victor, N. Y. 
Ohio Brass Co., Mansfield, O. 
Thomas & Sons Co., R., East Liverpool, O. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
INSULATORS, TELEPHONE & TELEGRAPH 
Hemingray Glass Co., Muncie, Ind. 
Western Electric Co., All Principal Cities 
LAMP GUARDS 
Western Electric Co., All Principal Cities 
LAVA 
American Lava Corp., Chattanooga, Tenn. 
LIGHTNING ARRESTERS 
General Electric Co., Schenectady, N. Y. 
Railway & Industrial Engg. Co., Greens- 
burg, Pa. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
LOCOMOTIVES, ELECTRIC 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
MANGANIN 
Baker & Co., Newark, N. J 


METERS, ELECTRICAL 

(See INSTRUMENTS, ELECTRICAL) 
METER TESTERS 

States Co., The, Hartford, Conn. 


MICA 
New England Mica Co., Waltham, Mass. 
MOLDED INSULATION 
Bakelite Corporation, New York 
Belden Mfg. Co., Chicago 
Condensite Co. of America, Bloomfield, N. J. 
Cutler-Hammer Mfg. Co., Milwaukee 
General Bakelite Co., New York 
Redmanol Chemical Products Co., Chicago 
peek aenouss Elec. & Mfg. Co., E. Pitts- 
urg 


MOLYBDENUM 
Hanstect Products Co., Inc., North Chicago, 


MOTORS 
(See GENERATORS AND MOTORS) 


OIL SEPARATORS & PURIFIERS 
Sharples Specialty Co., The, Philadelphia 


PANEL BOARDS 
(See SWITCHBOARDS) 


PATENT ATTORNEYS 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 


PHASE MODIFYING APPARATUS 
States Co., The, Hartford, Conn. 


PLATINUM 
Baker & Co., Newark, N. J. 


PLUGS , 
Cutler-Hammer Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. LY. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
_ burgh 

POLES, STEEL f : 
Pacific Coast Steel Co., San Francisco, Calif. 
Western Electric Co., All Principal Cities 


POLES—TIES, WOOD : : 
Page & Hill Co., Minneapolis, Minn. 
Texas Creosoting Co., Orange, Texas — 
Western Electric Co., All Principal Cities 


POTHEADS MR: 
G & W Electric Specialty Co., Chicago 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


PROTECTIVE DEVICES 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 


PULLEYS, PAPER . : 
Rockwood Mfg. Co., The, Indianapolis 


PUMPS 
Allis-Chalmers Mfg. Co., Milwaukee 
Goulds Mfg. Co., Seneca Falls, N. Y. 


PUMPS, SPIRAL 
Cramp & Sons Ship & Engine Bldg. Co., 
The, Wm., Philadelphia 
PYROMETERS F 
Leeds & Northrup Co., Philadelphia 


RADIO APPARATUS 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. __ 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RADIO LABORATORY APPARATUS 
Acme Apparatus Co., Cambridge, Mass. 
General Radio Co., Cambridge, Mass. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RAILWAY SUPPLIES, ELECTRIC 
General Electric Co., Schenectady, N. Y. 
Ohio Brass Co., Mansfield, O. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


REACTORS 
Metropolitan Device Corp., Brooklyn, N. Y. 


RECTIFIERS 
General Electric Co., Schenectady, N. Y. 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


REGULATORS, VOLTAGE 
General Electric Co., Schenectady, N. Y. 
States Co., The, Hartford, Conn. 
Western Electric Co., All Principal Cities 
A basis Jog Elec. & Mfg Co., E. Pitts- 
urg 


RESISTANCE ELEMENTS 
Cutler-Hammer Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


RHEOSTATS 
Biddle, James G., Philadelphia, Pa. 
Cutler-Hammer Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Sundh Electric Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
bi dea to deca Elec. & Mfg. Co., E. Pitts- 

urg 


ROPE, WIRE 
Roebling’s Sons Co., John A., Trenton, N. J. 


SEARCHLIGHTS 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
SOCKETS AND RECEPTACLES 
Cutler-Hammer Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
SOLENOIDS 
Acme Wire Co., New Haven, Conn. 
Belden Mfg. Co., Chicago 
Cutler-Hammer Mfg. Co., Milwaukee 
Dudlo Mfg. Co., Ft. Wayne, Ind. 
General Electric Co., Schenectady, N. Y. 
Sundh Electric Co., Newark, N. J. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
STARTERS, MOTOR 
Automatic Reclosing Circuit Breaker Co. 
Columbus, O. 
Condit Electrical Mfg. Co., So. Boston, Mass. 
Cutler-Hammer Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Rowan Controller Co., Baltimore, Md. 
Sundh Electric Co., Newark, N. Ne 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
STOKERS, MECHANICAL 


Sturtevant Company, B. F., Boston, Mass. 
pee menouss Elec. & Mfg. Co., E. Pitts- 
urg 


SUB-STATIONS 
General Electric-Co., Schenectady, N. Y. 
Railway & Industrial Engg. Co., Greeus- 
burg, Pa. 4 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
SWITCHBOARDS ‘ : 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Condit Electrical Mfg. Co., So. Boston, Mass. 
General Electric Co., Schenectady, N. Y. 
Metropolitan Device Corp., Brooklyn, IN. Ya 
Western Electric Co., All Principal Cities 
bib ieee ce tele Elec. & Mfg. Co., E. Pitts- 
urg 


SWITCHES Automatic Time 
Ferranti, Ltd., London, Eng. 
General Electric Co , Schenectady, N. Y. 
Minerallac Electric Co., Chicago 
Sundh Electric Co., Newarts, N. J. 7 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Disconnecting 
Champion Switch Co., Buffalo, N. Y. 
Condit Electrical Mfg. Co., So. Boston 
General Electric Co., Schenectady, N. VE 
K-P-F Electric Co., San Francisco 
Railway & Ind. Engg. Co., Greensburg, Pa. 


Fuse 
General Electric Co., Schenectady, N Y. 
Metropolitan Device Corp., Brooklyn, Nx, 


Knife 
Condit Electrical Mfg. Co., So. Boston 
Cutter Co., The, Philadelohia, Pa. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Oil . 
Condit Electrical Mfg. Co., So. Boston 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Remote Control 
Condit Electrical Mfg. Co., So. Boston 
Cutler-Hammer Mfg. Co., Milwaukee 
Dean Ltd., Payne, Stamford, Conn. 
General Electric Co., Schenectady, N. Y. 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Rowan Controller Co., Baltimore 
Sundh Electric Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
Werqnenrers Elec. & Mfg. Co., E. Pitts- 
urg 


TACHOMETERS 
Biddle, James G., Philadelphia 


TANTALUM 
lap Producte Co., Inc., North Chicago, 


. 


TELEGRAPH APPARATUS 
Western Electric Co., All Principal Cities 


TELEPHONE EQUIPMENT 
Western Electric Co., All Principal Cities 


TESTING LABORATORIES 
Electrical Testing Labs., New York 


TOWERS, TRANSMISSION 
Pacific Coast Steel Co., San Francisco, Calif. 
Western Electric Co., All Principal Cities 


TRANSFORMERS 
Acme Anparatus Co., Cambridge, Mass. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
American Transformer Co., Newark, N. J. 
Duncan Elec. Mfg. Co., Lafayette, Ind. 
Ferranti, Ltd., London, Eng. 
General Electric Co., Schenectady, N. Y. 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis 
Packard Electric Co., The, Warren, O. 
Pittsburgh Transformer Co., Pittsburgh 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts 
burgh 
; Factory 
American Transformer Co., Newark, N. J. 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis, Mo. 
Packard Electric Co., The, Warren, O. 
Pittsburgh Transformer Co., Pittsburgh 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 


‘ Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Moloney Electric Co., St. Louis 
Packard Electric Co., The, Warren, O. 
Pittsburgh Transformer Co., Pittsburgh 


‘ Metering 

American Transformer Co., Newark, N. J. 
Ferranti, Ltd., London, Eng. 
Packard Electric Co., ‘The, Warren, oO. 
Pittsburgh Transformer Co., Pittsburgh, Pa. 

: Mill Type 
Pittsburgh Transformer Co., Pittsburgh 

Radio 
Acme Apparatus Co., Cambridge, Mass. 
American Transformer Co., Newark, N. J. 
Street Lighting 

Kuhlman Electric Co., Bay City, Mich. 
Packard Electric Co., The, Warren, O. 
Western Electric Co., All Principal Cities 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Cotton 


Cotton is one of nineteen materials 
needed to make a telephone. The 
fibre has qualities which play a large 
part in keeping the voice currents on 
the pathways provided for them. 


f 
ur 


hh i WWMZF 


It is valuable as an insulator. It is 
flexible. It stands usage. Such acom- 
bination of properties gives cotton its 
important place in the covering of 
telephone and switchboard cords. 


This cotton stands the hard test of 
day by day service because it was care- 
fully selected for the job, Just one 
more evidence of the high standard 
which Western Electric sets for every 
stage of telephone manufacture. 


THE STRENGTH TEST. This machine 
takes representative samples of the cotton 
thread and tests their tensile strength. The 
standard required is such as to assure long 
and dependable service. 


*No. § of a series 


on raw materials. 


THIS PHANTOM 
view gives some idea 
of the complexity of 
your telephone. 


A CLOSE-UP OF THE COVERING. 
The transmitter cord inside your tele- 
phone. Here the toughness of the cotton 
fibre counts—where it comes in constant 
contact with metal parts. 


LIKE DANCING AROUND THE MAY- 
POLE. The spools of cotton whirl ’round and 
round, weaving the cord covering tightly and 
quickly —so quickly in fact that 11,000,000 cords 
was the record production for 1923. 


Mair kKe br Resi OuF teow COl* R- 1+ C “ATE BOO esl oP? Mt Bene Ty 


CE Lae eeaky? LS SiGe? 
ention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Please m 


eee ADVERTISING SECTION Journal A. I. E. E. 


TUTTLE Les 
xm I We 


Science Abstracts 


All electrical engineers actively engaged in the practice of their pro- 
fession should subscribe to ‘‘Science Abstracts.’ 


Published monthly by the Institution of Through “Science Abstracts” engineers 
Electrical Engineers, London, in associa- are enabled to keep in touch with engineer- 
tion with the Physical Society of London, jng progress throughout the world, as one 


and with the cooperation of the ep hundred and sixty publications, in various 
atin etal nine the AMT gages ae seglriy_ searched an 
Electrochemical Society, they constitute an abstracted. Science Abstracts” are pub- 
invaluable reference library. lished in two sections, as follows: 


“*a°>__PHYSICS—deals with electricity, magnetism, light, 
heat, sound, astromony, chemical physics. 


“B’— ELECTRICAL ENGINEERING—deals with electrical 
plant, power transmission, traction, lighting, tele- 


» 


{| 


Through special arrangement, members of the A.1I.E.E. 
may subscribe to ‘‘Science Abstracts" at the reduced rate 
of $5.00 for each section, and $10 for both. Rates to non- 
members are $7.50 for each section and $12.50 for both. 


graphy, telephony, wireless telegraphy, prime movers, 
engineering materials, electrochemistry. 


American Institute of Electrical Engineers 
33 West 39th Street, New York 


Subscriptions should start with the January issue. 
The first volume was issued in 1898. Back numbers are 
available, and further information regarding these can be 
obtained upon application to Institute headquarters 
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Classified Advertiser’s Index for Buyers—Continued 


TROLLEY LINE MATERIALS 
General Electric Co., Schenectady, N. Y. 
Ohio Brass Co., Mansfield, O. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBINES, HYDRAULIC 
Allis-Chalmers Mfg. Co., Milwaukee 
Cramp & Sons Ship & Engine Bldg., Co., 
The Wm., Philadelphia 


TURBINES, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y 
Sturtevant Company, B. F., Boston, Mass. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

TURBINE SIGNALS 

Dean Ltd., Payne, Stamford, Conn. 


TURBO-GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

VALVES, GATE & GLOBE 

Electrically Operated 
Dean Ltd., Payne, Stamford, Conn. 

VALVES, JOHNSON HYDRAULIC 

Cramp & Sons Ship & Engine Bldg. Co., 
The Wm., Philadelphia 

VARNISHES, INSULATING 
General Electric Co., Schenectady, N. Y. 
Irvington Varnish & Ins. Co., Irvington, N. J. 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh, Pa. 

WELDING EQUIPMENT, ELECTRICAL 
General Electric Co., Schenectady, N. Y. 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

WIRELESS APPARATUS 
Acm Apparatus Co., Cambridge, Mass. 
General Radio Co., Cambridge, Mass. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

WIRES AND CABLES 

Armored Cable 
Belden Mfg. Co., Chicago 
Boston Ins. Wire & Cable Co., Boston 


Please mention 


General Electric Co., Schenectady, N. Y. 
Hazard Manufacturing Co., Wilkes-Barre, 


‘a. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
Asbestos Covered 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Rockbestos Products Corp., New Haven, 
Conn. 
Automotive 
Belden Mfg. Co., Chicago 
Boston Ins. Wire & Cable Co., Boston 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Packard Electric Co., The, Warren, O. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
Bare Copper 
American Ins. Wire & Cable Co., Chicago 
Anaconda Copper Mining Co., Chicago 
Belden Mfg. Co., Chicago 
Copperweld Steel Co., Rankin, Pa. 
ape Manufacturing-Co., Wilkes-Barre, 
a. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
Copper Clad 
Copperweld Steel Co., Rankin, Pa. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
Flexible Cord 
Belden Mfg. Co., Chicago 
Boston Ins. Wire & Cable Co., Boston 
General Electric Co., Schenectady, N. Y. 
Hazard Manufacturing Co., Wilkes-Barre, Pa. 
Okonite Company, The, Passaic, N. Ji 
Roebling’s Sons Co., John A., Trenton, N. fi 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
Fuse 
General Electric Co , Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Lead Covered (Paper and Varnished 
cambric insulated) 
Anaconda Copper Mining Co., Chicago 
Atlantic Ins. Wire & Cable Co., Stamford, 


Conn. 
General Electric Co., Schenectady, N. Y. 
Hazard Manufacturing Co., Wilkes-Barre, Pa. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 

Magnet 

Acme Wire Co., New Haven, Conn. 
Belden Mfg. Co., Chicago 
Dudlo Mfg. Co., Fort Wayne, Ind. 
General Electric Co., Schenectady, N. Y. 
Rockbestos Products Corp., New Haven, 

Conn. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 

Rubber Insulated 

Atlantic Ins. Wire & Cable Co., Stamford, 

Conn. 
Belden Mfg. Co., Chicago 
Boston Ins. Wire & Cable Co., Boston 
General Electric Co., Schenectady, N. Y. 
Hazard Manufacturing Co., Wilkes-Barre, Pa. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, WN. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 

Trolley 
Anaconda Copper Mining Co., Chicago 
Copperweld Steel Co., Rankin, Pa. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
: Weather proof 

American Ins. Wire & Cable Co., Chicago 
Anaconda Copper Mining Co., Chicago 
Copperweld Steel Co., Rankin, Pa. 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston, Mass. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


the JOURNAL of the A. J. E. E. when writing to advertisers. 
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Commonwealth Edison Company 
Chicago, Illinois 


Extends Greetings To 


jeer Ree Ed 


Delegates and Their Friends 


40th Annual Convention 


BC 


Super-power Ring 
Around Chicago 


HE checkered line indicates 
the 132,000-volt transmission 
line, 27 miles of which have 

been completed. When finished, 
as indicated, it will inter-connect 
all large generating plants in the 
Chicago District and become the 
backbone of the greater super- 
power system which increased elec- 
tricity demand has necessitated. 


Work is under way this year on a right-of-way for a 132,000-volt steel-tower, super- 
power transmission line and equipment from our new Calumet station, south of the city 
limits, to connect with a similar east and west super-power line feeding on the east the 
Northern Indiana Gas and Electric Company for supply to the steel district and even on 
the east of that, and also running west, to tie in with the Joliet (Plaines) generating 
station of the Public Service Company of Northern [\linois. 


This, and the 132,000-volt super-power line from Waukegan to Evanston, which 
latter is now in operation, represents marked progress toward a super-power ring around 
the city of Chicago. While a considerable part of this ring is outside of the city limits, 
+t will. when completed, tie in all of the large generating stations owned by the Common- 
wealth Edison Company and those in the territory surrounding Chicago, and thus 
provide: further protection to continuous service, both in the city and surrounding 


territory, as well as result in considerable economies in operation. 


Commonwealth Edison Company 
72 West Adams Street CHICAGO 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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SQUIRREL CAGE INDUCTION 
PoLypuHasE Morors 


are backed by over 20 years 
experience in the design and 
manufacture of alternating 
current motors. 

The characteristics of the 
Type ‘‘SC’’ general purpose 
motor are well balanced—not 
one being over developed at 
the expense of another. 

Temperature rise not more 
than 40° Centigrade. 


They Keep-A-Running 


CENTURY ELECTRIC 
COMPANY 


3 : General Offices: 1827 Pine Street 
ILLUSTRATING THE 5 H. P. MOTOR 
: ST. LOUIS, MO., U. S. A. 


One-third to 50 Horsepower Sales Offices and Stocks in Principal Cities 
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; ALPHABETICAL LIST OF ADVERTISERS 


PAGE PAGE PAGE 
Acme Apparatus Company......../........ 48 Berrantis: Ltd oa. 5s cieaiee siete. acs.¢ aa ee 36 Pacific Coast Steel Company.............. 
Acme Wire Company, The................ 38 Fire Protection Engineers... ...........-.. 55 Packard Electric Company, The............ 24 
Alexander & Dowell...... Somat eee ste Cone 56 Ford; Bacon’ & Davis, Inc Fojccen- see > 55 Page -& Hill '\Companys.22 o.5a <1. cen 27 
Allis-Chalmers Manufacturing Co.......... 6, 7 Fowle & Company, Frank F ... ......... 56 Pittsburgh Transformer Company......... 20, 21 
Ambursen Construction Company, Inc....... 56 Frankel Connector Company, Inc.......... 29 Public Service Production Company........ 57 
American Appraisal Company, The......... 56 Freyn Brassert & Company............... 56° Publications of)A.E..E E,..eanneen as - sees 54 
eal pene cnpntated Wire &CableCo........ 42 G & W Electric Specialty C 28 
merican Lava Corporation ............ 50 ectric specialty Company ...... i i i i 
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Rare aureus t settee ee eee OB, obinson o., Inc., Dwight P..... Back Cover 
Arnold Company, The ................... 56 General Radio Company,.....¢.+.0+02 eee 50 Rock y 7 : 
Atlantic Insulated Wire & Cable Co... || |. SS ss Goulds Manufacturing Company, The..-.... 48 © Rockvend Manutnctaring Ganouay, The. : 46 
Automatic Reclosing Circuit Breaker Co.... 47 Harrist Bord. We ee ee 56 Roebling’s Sons Company, John A... ...... 42 
Bakelite Corporationion. 0 oka 51 Hazard Manufacturing Company........... 40 Roller-Smith Company............-.-..... 45 
Bakes Compaiyc lnc oe bate wor Hemingray Glass Company................ 42 Rowan Controller Company, The........... 46 
Barstow & Company, WAS eure ae eee 56 Higbie, Williany Siyictehadaneeh bbb Che de de 56 
Dicey Sine see et 56 Ti olamric ante mate A: Sept ee LO SR OREO. ROL 57 
Belden Manutactuii $s I RorcelainyC One at iaairgeclae!s Sangamo Electric Company.............. 37 
Biddle, Wana paren aes ote rte Irvington Varnish & Insulator Company..... 48 Sargent’ &' Lundy; Incuit@ice. 5 Je aan sc 57 
Boston Insulated Wire & Cable Co........ «42 Jackson <@iMoreland=ees Go een een 56 Science Abstracts, .......-s0ccsnsesee- 62 
Bristol Company, The.................... 43 Jeffrey-De Witt Insulator Company........ 18 Sea Engineering Company............ 57 
Burndy Engineering Company............. 42 Kerite Insulated Wire & Cable Co .. .... uf Sines rata halite ae ey a a 
Century Electric Company ................ 64 ae & Esser Company................ 46 Simpson, Frederick G..........--........ 57 
Champion Switch Company.............. 33 P-F Electric Company -.. ss... +e eens 43 S K F Industries, Inc........ 3 
(Cheyney As Race nyamen taints there ccied halen 56 Kuhlman Electric Company............... 22 Standard Underground Cable Company. : : of ead 
pines, alter a Steins fete ee aS 56 Lapp Oe Ree chee Inckes eee se 2N 12,18 Star Electric Motor Company.............. 47 
ssifie VErtisementammniiecn seen 55 eeds orthrup Company ii.c% thence see 48 Stevens Jolin Ay acs coches oesie cranes 
Clomenthdward bat. us. teen cc ons 56 Lincols, Ince SES wenccua Peet cece ee 55 Stevens < Woods Incitdine eee Hd 
Commonwealth Edison Company........... 68 Locke Insulator Corporation... ........... 14 Stockbridge & Borst.........-2.:eees ba eaST 
Sine Ea Uae te en ee sa (Maries Rulea wid stim ak dorcel $§ Strom Ball Bearing Mie, Company... 2 
ote atine Rules of A. I: EB. Ea30 eet. ost ee oo Ting MELS-\ OMPAny vam + - ois 
ppupcrweld StseluCompanynemm ene ai 40 McClellan & Junkersfeld, Inc............. 57 Sturtevant Company, B. F................. 48 
rent a Wie Coe Co., Wm..... re at tienes Device Corporation....,...... 68 Sundh Electric Company.. .............. 44 
a etree seen cerns i llac Electric Company............ 43 
Cutler-Hammer Mfg. Company, The 59 Mincho & Philli Re Ta ab i 
he Lhe seat iDSx ccs <n eee ee 57 exas Creosoting Company................ 42 
Cutter Company, The. iia... soca. 50 iolony Electric, Companyasenereee eee -66, 67 tA eesad ak Seen 57 
Day & Zimmerman, Inc....... oore=.é¢\Companys W..Ent. seer ete 57 omas ons Company, TheR........... 15 
Bonn Limited, cee ie RE ge ea ae a Morganite Brush Company, Ince ese eee 48 ; > 4 
Donikesincs Robertae. ge kes" 56 Morse Chain Company................... 45 United Gas & Electric Engineering Corp.... 57 
Dickinson een een 66 National Carbon Company, Inc F 
Dossert d& Company. (202222220 26 National Vulcanized Hibre Con. liill] gg Viele Blackwell & Buck...............0>. a 
udlo Manufacturing Company............ 40 COL UN SD aire gigas ste lielalrsheietelte te ieta seen : « 
Duncan Electric Manufacturing Co........, 42 Neiler, Rich & Company. .............. 31 ee Tec Ce SEEPS Sin | t 
s New Departure Manuf Boer a EO 7 0 estern Electric Company............... 29, 61 
mlecinieas Develop. & Machine Co......... 65 New England Mice Copmeee ie eee oe a Westinghouse Electric & Mfg. Co..... 10, 11, 29 
ectrical Testing Laboratories.. ...°:.... 62 Norma Compativof Anterics The GIO eCiorcioncan 4 Weston Electrical Instrument Co........... 49 
Electro Dynamic Company................ 47 Northwestern Electric Company............ 48 White Engineering Corp., The J. G......... 57 
Engineering Directory../............... 56, 57 ‘OhiolBrace'G The. + ee Wiley & Sons, Inc.,SJohn\. mama. aa ee 55 
paneied Products Company, Inc........... 51 Okonite Compan aine ee “Insid Bi ( KC oe pero catgse Bae eee PE nee af 
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(For classified list of Advertisers see pages 58, 60 and 62) 
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‘FRANKLIN 


Generating Station Equipment 


Where the BEST equipment is required, as well as 
the most value for the money invested. that’s ‘where 
you will find “FRANKLIN” equipment installed. 


Here in Philadelphia, as elsewhere, engineers are as- 

: sured of absolute safety, both as to operation and 
investment of capital. if their generating station is 
equipped with the “FRANKLIN” line. 


When visiting the large power plants in and around 
Philadelphia give “FRANKLIN” the “once-over’ 
and you will see why it is a profitable investment to 


Stl Fala 


ELECTRICAL DEVELOPMENT 
& MACHINE COMPANY 
Philadelphia 


Representatives in All Principal Cities 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Molone 


Users of these Transformer 
of performance is born 


— |< =e 


Continuous and consistent 
high quality of performance, 
the utmost in satisfactory 
service, is the usual user’s 
experience with Moloney 
Transformers. Hundreds of 
Moloney installations, per- 
haps several near you, demon- 
strate the quality of Moloney 
products every day. 


Exceptional performance is 
the direct result of the fine 
engineering, the honest work- 
manship, the high-grade ma- 


Please mention the JOURNAL of the A. L E. E. when writing 


to advertisers. 
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Transformers 


soon discover that the promise 


ttt bi etenll 


out in actual service 
| terials which distinguish the 
Moloney Transformers. 


Any engineer interested in : 
transformers for either general ae 
or special uses will find our 
bulletins valuable to him. 
He will also find Moloney per- 
formance records convincing. 
We will be glad to send data. 


MOLONEY ELECTRIC COMPANY 
General Offices: 
ST. LOUIS, MISSOURI 


Boston Charlotte San Francisco Kansas City Indianapolis 

¥ Pittsburgh New York Atlanta Los Angeles Salt Lake City 
Chicago Cleveland " Philadelphia Birmingham Baltimore 
Seattle Minneapolis Detroit Buffalo New Orleans 
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Metropolitan 
Current Limiting 


Reactors a Mem 


All Porcelain Clad 


Outdoor Service 
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USERS USERS 


Boston Edison Comp2any 

Bronx Gas Electric Co. 

Brooklyn Rapid Transit Co. 
Calgary Municipal Electric Co. 
Canadian Niagara Falls Power Co. 
Cataluna Power Co. 

Scares Lake Shore & South Bend 


Nu Yon Ne Eka 6 ER Cor 
N. wae Queens Elec. Light & Pwr. 
fo) 


Potomac Electric Co. 

Public Works Department 

Public Service Electric Co. 

Shawinigan Hydro Elec. Power 
fo) 


Cohoes Light & Power Corp. 
Commonwealth Edison Co. 
Consolidated Gas & Electric Co. 
Dayton & Power Light Co. 


Tennessee Power Co. 
Toledo R. R. & Light Co. 
Toronto Power Co. 
Turners Falls Power Co. 


Detroit Edison Company United Electric Lightin 
g Co. 

Be Te eaeene Co. Indoor Service Le Electric Light & Power Co, 
Hl Pea mone ean ea? Co. nati { i 

rench General Electric Co. F F 4 
pooe ECA EO Ne Copier Unton ailecieie Lt. & Pwr. Co., 

avana Hlec. Ry., Lt. Wie JO. : . Utica Gas & Electric Co 
Interborough Rapid Transit Co. G M as ny ag eyes 
Joyce Gridland Railroad Co. Ive axiImumM Victories Fels Se aa 
Pee Te Cee . < Westchester Lighting Co. 

acai 3 S h O CC C 1 rceu 1 t Youngstown Sheet & Tube Co. 
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Protection 
and 


Highest All-Year 


Efficiencies 


In daily use upon the 
greatest generating and 
distribution systems. 


NONE MORE RELIABLE 


Metropolitan Device 


Corporation 
1250 Atlantic Avenue 
Testing Reactor a Brooklyn New York i Poca 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Jnit Door Control 


‘ire Used Exclusively 


Every precaution 

has been. taken to. 
insure the safety 
of the passengers 

and the reliability 

of operation. 


Door detail showing signal . 
light and safety buffer 


on 


Ten Car Train Equipped with 


. 


Multiple unit door Control 


‘Adanta - Pittsburgh « San Francisco” 
- Central Electric Company, Chicago, li: =, 
Be Novelty Electric Co; Philadelphia, Pa. ae 
ws oe] ostan, Mass. eek as raann 
gineering Materials Limited, Montreal © - 
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~ Dwicur P. RoBinson & CoMPANY 


INCORPORATED 
ENGINEERS AND CONSTRUCTORS 
IEew YorK 


DESIGN AND CONSTRUCT 


STEAM POWER PLANTS 
INDUSTRIAL PLANTS 
RAILROAD SHOPS AND TERMINALS 
Hypro-ELECTRIC DEVELOPMENTS 
TRANSMISSION SYSTEMS 


CONSTRUCTION OF | 
OFFICE AND APARTMENT i 
BUILDINGS i 
H 
i 
5 
:) 
MONTREAL ATLANTA 
CHICAGO PHILADELPHIA YOUNGSTOWN Rio DE JANEIRO Los ANGELES 
| = SS SS " ——— | 
| l 


